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FOREWORD 


This  report,  intended  primarily  for  research  and  development  audiences, 
should  be  of  considerable  interest  to  asphalt  paving  researchers  and 
technologists. 

This  report  presents  a  comprehensive  review  of  incinerator  practices 
and  uses  of  incinerator  residues  in  highway  construction.  It  describes 
the  sampling  and  characterization  of  incinerator  residues,  the  studies 
of  systems  designed  for  use  of  such  residues  in  stabilized  base  course 
applications  and  its  use  as  aggregate  in  bituminous  and  Portland 
cement  concrete  applications.  In  addition,  it  presents  the  laboratory 
formulations  which  are  considered  feasible  for  ultimate  uses  in  high- 
way construction  on  the  basis  of  laboratory  testing.  Also  contained 
in  the  report  are  criteria  for  use  in  specifications  as  well  as 
recommended  construction  procedures  for  the  various  highway  applications 
of  residue  materials. 

o 
The  subject  report  and  a  related  report,  FHWA-RD-77-15#,  "Guidelines 
for  Use  of  Incinerator  Residue  as  Highway  Construction  Material," 
are  both  products  of  the  same  intensive  contract  study  of  the  subject 
matter. 

Additional  copies  are  available  from  the  National  Technical  Information 
Service  (NTIS),  U.S.  Department  of  Commerce,  5285  Port  Royal  Road, 
Springfield,  Virginia  22161. 


Charles  F.  Sche^y 


NOTICE 


This  document  is  disseminated  under  the  sponsorship  of  the  Department 
of  Transportation  in  the  interest  of  information  exchange.  The  United 
States  Government  assumes  no  liability  for  its  contents  or  use  thereof. 

The  contents  of  this  report  reflect  the  views  of  the  authors  who  are 
responsible  for  the  facts  and  the  accuracy  of  the  data  presented  herein. 
The  contents  do  not  necessarily  reflect  the  official  views  or  policy  of 
the  Department  of  Transportation.  This  report  does  not  constitute  a 
standard,  specification,  or  regulation. 

The  United  States  Government  does  not  endorse  products  or  manufacturers. 
Trade  or  manufacturers'  names  appear  herein  only  because  they  are 
considered  essential  to  the  object  of  this  document. 
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PREFACE 
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1.  BACKGROUND 

Recent  technological  advancements  and  a  general  improve- 
ment in  the  average  standard  of  living  have  been  responsible 
for  a  drastic  increase  in  the  generation  of  household  solid 
waste.   The  growing  volumes  of  municipal  refuse  produced, 
collected,  and  disposed  of  in  this  country  represent  an  expen- 
diture of  millions  of  dollars  annually,  together  with  an 
accompanying  loss  of  untold  resource  values.   At  the  present 
time,  approximately  200  million  tons  (181  M  tonnes)  of  household 
refuse  are  disposed  of  each  year  in  the  United  States  (38) . 

Although  more  than  80  percent  of  all  refuse  is  disposed 
of  in  landfills,  incineration  of  municipal  refuse  and  garbage  is 
still  a  widespread  practice,  especially  in  major  metropolitan 
areas.   The  treatment  of  household  waste  by  incineration  was 
introduced  in  this  country  before  the  turn  of  the  century. 
However,  it  was  not  until  the  post -World  War  II  period  that 
incinerator  designs  became  more  refined  and  a  large  number  of 
municipal  scale  incineration  facilities  were  constructed. 

Despite  the  fact  that  incineration  reduces  the  volume  of 
incoming  refuse  by  as  much  as  90  percent,  this  method  of  solid 
waste  treatment  is  not  without  its  drawbacks.   Society's  con- 
cern for  cleaner  air  has  led  to  the  adoption  of  strict  air 
pollution  regulations  with  which  many  incinerator  facilities 
are  unable  to  economically  comply.   Increasingly  severe  air 
emission  standards  are  now  forcing  municipalities  to  choose 
between  closing  their  incinerator  plants  or  making  large 
capital  expenditures  for  the  installation  of  air  pollution 
abatement  equipment . 

Furthermore,  incineration  results  in  ash-like  residue 
which  may  vary  considerably  in  its  composition  and  quality, 
depending  on  the  degree  of  "burn-out"  and  the  auxiliary  re- 
moval of  components  such  as  iron,  aluminum,  and  glass.   At 
the  present  time,  thousands  of  tons  of  incinerator  residues 
are  being  produced  daily.   These  materials  represent  a  sub- 
stantial disposal  problem  since  they  are  not  utilized,  but 
instead  are  either  stockpiled  or  landfilled.   In  many  parts  of 
the  country,  there  is  even  a  shortage  of  available  land  for 
the  disposal  of  incinerator  residues. 

Nevertheless,  these  residues  have  considerable  potential 
as  construction  material,  particularly  in  various  aspects  of 
highway  construction.   By  making  use  of  incinerator  residues 
in  this  manner,  several  benefits  would  be  realized.   First, 
material  which  is  presently  being  disposed  of  could  be  put  to 
some  productive  use.   This  would  reduce  or  even  eliminate  the 
cost  of  disposal  and  conserve  valuable  supplies  of  natural 
construction  materials,  which  are  seriously  dwindling  in  many 
parts  of  the  country . 
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In  order  to  determine  the  feasibility  of  using  incinera- 
tor residues  in  this  manner,  it  is  important  to  proceed  with 
the  necessary  developmental  work  as  soon  as  possible.   In  so  do- 
ing, there  will  be  adequate  technical  support  available  to  justi- 
tify  the  effort  required  for  incorporating  incinerator  residues 
into  highway  construction . 
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2.   OBJECTIVES  AND  SCOPE 

The  objective  of  this  program  is  to  develop  the  technology 
required  for  the  use  of  incinerator  residues  in  various  aspects 
of  highway  construction . 

The  work  conducted  under  this  contract  essentially  in- 
volved: 

1.  A  survey  of  major  municipal  incineration  practices  with 
emphasis  on  the  type  of  residues  produced  and  the  geo- 
graphical locations  of  current  operating  municipal 
incinerator  plants. 

2.  A  sampling  and  characterization  of  representative  types 
of  incinerator  residues. 

3.  A  laboratory  investigation  of  mixtures  containing  residues 
treated  with  lime,  cement,  and  asphaltic  binders. 

4.  Development  of  design  and  construction  procedures  for 
various  uses  of  incinerator  residue  in  highway  construc- 
tion. 

The  scope  of  this  investigation  was  limited  to  the  study 
of  unfused  incinerator  residues.   A  separate  investigation 
has  been  conducted  into  the  production  of  fused  aggregate 
product  by  supplementary  heat  treatment. 
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3.   RESEARCH  APPROACH 

The  work  performed  in  this  investigation  was  conducted 
in  five  distinct  tasks,  some  of  which  were  performed  during 
the  same  period  of  time.   The  paragraphs  that  follow  describe 
in  a  general  way  the  nature  of  the  work  involved  in  each  of 
these  tasks. 

TASK  A  -  REVIEW  OF  INCINERATION  PRACTICES  AND  USES  OF 
INCINERATOR  RESIDUES 

This  task  consisted  of  the  following: 

1.  A  collection  and  review  of  all  available  literature, 
both  foreign  and  domestic,  pertaining  to  municipal  incin- 
eration practices  and  methods;  the  types  of  residues  pro- 
duced by  these  incinerators;  the  composition  of  these 
residues;  and  the  various  construction  uses  made  of 
incinerator  residues. 

2.  A  review  of  all  published  and  unpublished  information 
regarding  the  locations,  types,  capacities,  and 
quantities  of  residues  produced  annually  at  municipal 
incinerator  plants  throughout  the  United  States. 

Published  information  relating  to  the  review  of  municipal 
incineration  practices,  location  of  operating  municipal  incin- 
erator plants,  and  current  and  past  uses  of  incinerator  resi- 
dues in  highway  construction  was  obtained  from  the  following 
sources: 

1.  A  machine  and  manual  search  of  solid  waste  literature  was 
made  using  the  Environmental  Protection  Agency's  Solid 
Waste  Information  Retrieval  System  (SWIRS) .   Key  words 
used  in  this  search  included  incineration,  pyrolysis, 
residue,  aggregates,  highway,  and  construction. 

2.  A  patent  search  was  also  conducted,  resulting  in  the 
review  of  two  patents  relating  to  the  incorporation  of 
incinerator  residue  in  highway  pavement  mixtures. 

3.  A  review  was  made  of  general  library  sources,  technical 
reference  materials,  and  conference  proceedings  for 
published  work  pertaining  to  incineration  and  incinerator 
residues.   Sources  consulted  during  this  project  included, 
but  were  not  necessarily  limited  to: 

American  Society  of  Civil  Engineers  Journals 

Federal  Highway  Administration 

Proceedings  of  National  Incinerator  Conferences 
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Proceedings  of  National  Industrial  Solid 

Wastes  Management  Conference 
Proceedings  of  Mineral  Waste  Utilization 

Symposia 
Transportation  Research  Board  Records 

and  Bulletins 
U.S.  Bureau  of  Mines  Information  Circulars 

and  Reports  of  Investigations 
U.S.  Environmental  Protection  Agency  Reports 

4.    A  search  was  performed  of  pertinent  technical  periodicals 
for  information  related  to  incineration  practices  and  the 
use  of  incinerator  residues  in  highway  construction. 
Among  the  periodicals  consulted  for  this  project  were: 

American  Ceramic  Society  Bulletin 

Chemtech 

Civil  Engineering 

Engineering  News-Record 

Environmental  Science  and  Technology 

Highway  Research  News 

Public  Works 

Resource  Recovery 

Roads  and  Streets 

Rock  Products 

Solid  Wastes  Management 

Technology  Review 

Waste  Age 

Unpublished  information  pertaining  to  the  locations  of 
operating  municipal  incinerator  plants  and  the  use  of  inciner- 
ator residues  in  highway  construction  were  obtained  through 
personal  contacts  and  letters  on  the  part  of  several  members 
of  the  research  team  with  personnel  from: 

U.S.  Environmental  Protection  Agency 
State  environmental  or  solid  waste  agencies 
Various  city  and  municipal  governments 
Private  companies  experienced  in  the  handling 
or  use  of  incinerator  residues. 

The  findings  of  Task  A  were  summarized  in  an  interim  report, 
entitled  "Technology  for  Use  of  Incinerator  Residue  as  Highway 
Material:   Identification  of  Incinerator  Practices  and  Residue 
Sources/'  which  was  published  in  July,  1975  as  Federal  Highway 
Administration  Research  Report  No.  FHWA-RD-7  5-81.  (51) 

TASK  B  -  SAMPLING  AND  CHARACTERIZATION  OF  INCINERATOR  RESIDUES 

This  task  involved  obtaining  representative  samples  of 
the  basic  types  of  incinerator  residues  and  characterizing 
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them  in  terms  of  their  physical  properties  and  chemical  compo- 
sition.  Several  tons  of  each  basic  type  of  incinerator  residue 
were  obtained.   Residue  samples  were  obtained  for  subsequent 
laboratory  testing  from  the  following  locations: 

Baltimore,  Maryland 
Charleston,  West  Virginia 
Chester,  Pennsylvania 
Harrisburg,  Pennsylvania 
Marple  Township,  Pennsylvania 
Philadelphia,  Pennsylvania 
Tampa,  Florida 

Characterization  studies  were  performed  for  each  basic 
type  of  residue  in  its  "as-received"  condition  by  analyzing 
the  components  in  each  of  seven  selected  sieve  size  ranges. 
These  studies  involved  a  determination  of  the  principal  com- 
ponents of  various  incinerator  residue  types  by  sieve  size 
and  an  identification  of  the  presence  of  key  chemical  consti- 
tuents . 

TASK  C  -  STUDIES  OF  SYSTEMS  DESIGNED  FOR  THE  USE  OF  INCINERATOR 
RESIDUES  IN  STABILIZED  BASE  COURSE  APPLICATIONS 

In  order  to  accomplish  this  task,  the  following  activities 
were  performed: 

1.  The  incinerator  residue  samples  were  subjected  to  various 
degrees  of  processing,  including  screening,  crushing,  and 
the  selective  removal  of  certain  components  of  the  resi- 
dues, such  as  iron  or  glass. 

2.  Residue  samples  were  subjected  to  a  series  of  standard 
physical  tests  normally  used  to  identify  the  suitability 
of  aggregate  materials  for  construction  use.   Some  of 

the  properties  identified  in  these  tests  were  unit  weight, 
specific  gravity,  abrasion  resistance,  soundness,  mois- 
ture-density relationship,  and  the  presence  of  organic 
impurities. 

3 .  Laboratory  experiments  were  conducted  on  base  course  mix- 
tures using  various  types  of  incinerator  residues  in  com-, 
bination  with  lime,  cement,  bitumen,  and  other  appropriate 
cementing  materials.   The  residue  samples  were  used  in 
their  "as-received"  condition  or  with  various  levels  of 
processing  and  were  incorporated  into  the  base  course 
mixtures  either  alone  or  in  combination  with  a  standard 
crushed  stone  aggregate  on  an  equal  weight  basis.   Vari- 
ous curing  conditions  were  evaluated  during  the  course  of 
this  program. 


-  6  - 


4.  The  base  course  formulations  evaluated  in  this  task  were 
analyzed  to  determine  the  effects  of  residue  type  and 
content,  curing  conditions,  binder  content,  and  level 

of  processing  on  the  strength  development,  volume  stabil- 
ity, and  durability  of  these  mixtures. 

5.  Optimum  mixtures  as  determined  from  analyzing  the  final 
results  of  this  testing  program  were  used  to  recommend 
certain  residue  types  for  further  study  as  a  possible  com- 
ponent of  wearing  surface  mixtures. 

TASK  D  -  STUDIES  OF  SYSTEMS  DESIGNED  FOR  USE  OF  RESIDUE  AS 

AGGREGATE  IN  BITUMINOUS  WEARING  SURFACE  AND  PORTLAND 
CEMENT  CONCRETE  APPLICATIONS 

The  following  activities  were  performed  in  conjunction 
with  this  task: 

1.  Residue  types  exhibiting  the  best  characteristics  from  the 
Task  C  laboratory  evaluation  were  selected  for  use  in 
bituminous  wearing  surface  and  portland  cement  concrete 
mixtures.   Gradations  of  these  mixtures  were  adjusted 
from  Task  C  in  order  to  comply  as  closely  as  possible 
with  specification  requirements.   The  residues  were  also 
subjected  to  various  levels  of  processing  as  determined 
from  the  results  of  the  base  course  evaluation. 

2.  Laboratory  experiments  were  conducted  on  residue  and 
binder  combinations  in  wearing  surface  mixtures.   The 
residues  selected  for  this  phase  of  the  testing  were 
evaluated  in  their  "as-received"  condition  or  with  cer- 
tain processing  steps  included.   They  were  incorporated 
into  the  wearing  surface  mixtures  alone  or  in  combination 
with  a  standard  crushed  stone  aggregate  .on  an  equal 
weight  basis.   In  some  mixtures  hydrated  lime  was  added 
to  improve  the  anti-stripping  properties  of  the  mixtures. 

3.  Bituminous  wearing  surface  formulations  evaluated  in  this 
task  were  analyzed  by  means  of  the  Marshall  test  method 
to  determine  the  stability,  flow,  and  air  voids  charac- 
teristics of  these  mixtures.   The  effects  of  residue  type 
and  content,  level  of  processing,  and  asphalt  content 
were  related  to  the  findings  of  the  Marshall  tests. 
Optimum  wearing  surface  formulations  were  further  evalu- 
ated by  means  of  immersion -compress ion  tests  to  determine 
the  anti-stripping  characteristics  of  these  mixtures. 

4.  The  results  of  the  laboratory  evaluation  of  bituminous 
wearing  surface  mixtures  were  used  to  select  optimum 
formulations  for  use  in  experimental  wearing  surface 
sections  placed  in  the  field.   A  total  of  three  experi- 
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mental  sections  were  installed;  two  in  the  Philadelphia 
area  and  one  in  Harrisburg.   The  performance  of  these 
wearing  surface  sections  has  been  monitored  and  is  de- 
scribed in  a  separate  unpublished  report. 

5.  Laboratory  experiments  were  also  conducted  on  residue 
and  cement  combinations  in  concrete  mixtures.   The 
results  from  the  strength  development  testing  of  cement 
stabilized  residues  were  used  to  indicate  the  residue 
type  and  level  of  processing  most  suitable  for  this  phase 
of  testing.   Mixtures  were  designed  for  several  different 
combinations  of  residue,  natural  aggregate,  portland 
cement,  and  water  in  order  to  obtain  various  water- 
cement  and  cement-aggregate  ratios.   These  combinations 
were  evaluated  in  terms  of  compressive  strength,  volume 
stability,  and  durability. 

6 .  Optimum  base  course  and  wearing  surface  formulations  were 
selected  for  further  laboratory  testing  to  determine  the 
probable  environmental  impact  of  utilizing  these  formu- 
lations in  highway  construction  applications.   Permeabil- 
ity and  leachate  tests  were  performed  on  selected  samples  of 
these  formulations.   The  presence  of  any  chemical  components 
in  the  leachate  was  determined  by  means  of  atomic  absorption 
tests.   The  findings  of  the  leachate  analyses  were  compared 
with  the  U.S.  Public  Health  Service  Standards  for  Drinking 
Water . 

TASK  E  -  ESTABLISH  USE  CRITERIA 

The  findings  of  Tasks  C  and  D  were  analyzed  in  order  to 
determine  which  of  the  formulations  that  were  tested  in  the 
laboratory  are  actually  feasible  for  ultimate  uses  in  high- 
way construction.   Mix  design  procedures  were  developed  for 
formulating  these  mixtures.   In  addition,  criteria  for  end  use 
specifications  and  recommendations  for  construction  procedures 
were  prepared  in  conjunction  with  various  highway  applications 
of  these  materials. 

The  recommendations  resulting  from  this  work  task  are 
summarized  in  the  form  of  a  manual,  which  outlines  use  criteria 
for  several  possible  applications  of  incinerator  residue  in 
highway  construction.   This  manual  is  entitled  "Guidelines  for 
Use  of  Incinerator  Residue  as  Highway  Construction  Material" 
and  is  published  by  the  Federal  Highway  Administration  as  Report 
Number  FHWA-RD-77-152. 
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4.   INCINERATION  PRACTICES  AND  RESIDUE  SOURCES 

In  many  cities  of  the  United  States,  incineration  is  the 
principal  method  of  solid  waste  disposal.   The  main  advantage 
of  incineration  is  the  substantial  reduction  in  the  volume  of 
bulky  refuse,  which  in  turn  greatly  diminishes  the  amount  of 
hauling  and  landfilling  requrred  for  solid  waste  disposal. 
Incineration  usually  reduces  the  volume  of  incoming  solid 
waste  by  approximately  80  to  90  percent  with  a  corresponding 
weight  reduction  of  70  to  80  percent,  depending  on  the  effi- 
ciency of  the  operation.   Incineration  also  curtails  to  a  great 
extent  some  of  the  other  nuisances,  such  as  vermin,  odors,  and 
fire  hazards,  which  are  often  associated  with  solid  waste  dis- 
posal by  landfilling. 

Despite  some  of  these  advantages,  there  are  some  other 
characteristics  about  incineration  which  over  a  period  of  time 
have  developed  into  disadvantages.   This  method  of  disposal 
has  become  relatively  expensive  in  terms  of  labor  and  main- 
tenance costs.   Increasingly  stringent  air  pollution  standards 
have  necessitated  that  most  older  plants  be  outfitted  with  ex- 
pensive anti-pollution  devices  in  order  to  continue  operation. 
And,  although  a  great  amount  of  volume  reduction  does  result 
from  incineration,  provisions  must  still  be  made  for  disposing 
of  the  unwanted  residue. 

Because  of  the  number  of  incinerator  plants  now  in  oper- 
ation, large  amounts  of  residue  are  generated  and  must  be 
disposed  of.   Since  many  cities  are  running  out  of  available 
land  on  which  to  dispose  of  solid  wastes,  the  logical 
thing  is  to  try  to  make  use  of  these  materials  in  some  prac- 
tical way.   One  obvious  solution  would  be  to  utilize  inciner- 
ator residue  in  some  form  of  construction,  such  as  highways. 

Before  analyzing  incinerator  residues  fcr  possible  use 
in  highway  construction,  it  is  important  to  develop  some  un- 
derstanding of  municipal  incineration.   The  purpose  of  this 
section  of  the  report  is  to  present  some  essential  facts  per- 
taining to: 

1.  Municipal  incineration  practices. 

2.  Types  of  incinerator  residues. 

3.  Locations  of  municipal  incinerator  plants. 

4.  Past  uses  of  incinerator  residue  as  a  highway  construc- 
tion material. 
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This  information  has  been  presented  in  a  report  co- 
authored  by  Pindzola  and  Collins  (51)  and  published  in  July, 
1975  by' the  Federal  Highway  Administration.   This  section  of 
the  report  will  attempt  only  to  summarize  or  update  this  in- 
formation. 

4.1   BASIC  TYPES  OF  MUNICIPAL  INCINERATORS 

The  essential  elements  of  an  incinerator  plant  are  the 
furnace,  where  combustion  occurs,  and  the  grates,  which  trans- 
port the  solid  waste  from  the  charging  hopper  through  the 
combustion  chamber.   There  are  several  different  designs  of 
furnaces  which  are  used  in  municipal  incineration.   The  resi- 
due remaining  after  combustion  is  cooled  by  discharging  into  a 
quenching  bath  or  spraying  with  water,  after  which  it  is  then 
disposed  of  in  a  stockpile  or  landfill  area. 

Municipal  incinerator  plants  are  classified  according 
to  the  basic  furnace  type  and  the  type  of  grate .   The  furnace 
is  an  enclosed  refractory-lined  or  water-wall  structure  which 
includes  the  ignition  and  combustion  chambers.   In  these  cham- 
bers the  incoming  refuse  is  preheated,  dried,  ignited,  and 
burned.   Refuse  can  be  fed  into  the  furnace  either  in  a  batch 
or  a  continuous  feed  operation.   The  stoking  or  charging  of 
the  furnace  is  done  either  mechanically  or  manually.   The 
types  of  furnaces  used  in  municipal  incineration  are: 

1.  Single-chamber,  cylindrical,  batch  fed. 

2.  Single  or  multiple  chamber,  rectangular,  batch  fed. 

3.  Continuous  fed,  rectangular. 

4.  Continuous  fed,  rotary  kiln. 

The  most  commonly  used  type  of  furnace  in  municipal  in- 
cineration is  the  rectangular  furnace.   This  furnace  is  either 
batch  or  continuous  fed,  depending  upon  when  it  was  construct- 
ed.  Generally,  furnaces  that  were  constructed  prior  to  1960 
are  batch  fed;  furnaces  constructed  after  1960  are  continuous 
fed. (3) 

Several  grate  systems  are  adaptable  to  incinerator  furn- 
aces.  Frequently,  two  or  more  grates  are  arranged  in  tiers 
so  that  the  refuse  drops  from  one  level  to  the  next  and  is 
agitated  as  it  moves  through  the  furnace.   Grate  systems  are 
classified  according  to  mechanical  type.   In  the  United  States 
the  most  widely  used  types  are  traveling,  reciprocating,  rock- 
ing, and  circular.   The  traveling,  reciprocating,  and  rocking 
grates  are  used  to  feed  refuse  through  rectangular  furnaces, 
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while  the  circular  grate  with  extended  rabble  arms  is  used  in 
a  vertical  circular  furnace.   Although  the  rotary  kiln  is  a 
furnace,  it  can  be  considered  a  type  of  grate,  since  the 
rotation  of  the  kiln,  which  is  inclined,  causes  the  refuse 
to  move  in  a  slow,  cascading  forward  motion.   Normally  the 
rotary  kiln  is  preceded  by  a  reciprocating  grate  (24) .   The 
basic  types  of  grates  are  shown  in  Figure  1. 

The  proper  combustion  of  solid  waste  in  a  municipal  incin- 
erator is  dependent  on  three  basic  factors:  time,  temperature, 
and  turbulence.   Solid  waste  must  be  exposed  for  a  sufficient 
time  to  a  hot,  turbulent  atmosphere  for  satisfactory  burning 
to  occur.   Most  incinerators  are  designed  to  function  at 
temperatures  within  the  range  of  1400°  to  2000°F,  with  average 
temperatures  around  1700°  to  1800°F  (3) . 

A  temperature  of  2000°F  should  be  a  maximum  in  an  incin- 
erator plant  because  at  elevated  temperatures  above  this 
refractory  brick  will  begin  to  deteriorate.   Such  high 
temperatures  are  also  detrimental  to  water-wall  furnaces  be- 
cause of  possible  tube  corrosion.   Another  problem  associated 
with  higher  temperatures  is  that  of  slagging,  in  which  a  layer 
of  flux  is  deposited  on  the  refractory  surface,  which  in  time 
causes  localized  failure.  (24) 

Because  of  the  variable  nature  of  incoming  refuse  and 
the  differences  in  the  basic  design  and  operation  of  various 
incinerator  furnaces  and  grate  types,  the  degree  of  burn-out 
will  depend  to  a  large  extent  on  the  method  of  incineration 
used. 

4.2   CLASSIFICATION  OF  INCINERATOR  RESIDUES 

The  physical  character  of  incinerator  residue  depends  on 
the  composition  and  moisture  content  of  the  refuse  burned  and 
the  efficiency  of  the  incinerator  operation.   Each  of  these 
factors  is  dicussed  in  some  detail. 

4.2.1   Composition  of  Municipal  Refuse 

Municipal  refuse  consists  of  a  number  of  different  com- 
ponents, including  paper,  metal,  glass,  garbage,  yard  wastes, 
wood,  textiles,  and  plastic.   Although  the  relative  percent- 
ages of  these  materials  vary  during  different  times  of  the 
year  and  in  different  parts  of  the  country,  the  range  in  the 
average  composition  of  municipal  refuse  is  fairly  predictable. 

Essentially,  the  incoming  refuse  consists  of  a  combust- 
ible and  a  non-combustible  fraction.   The  combustible  frac- 
tion of  the  refuse  may  represent  from  60  to  80  percent  by 
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Figure  1.   Types  of  Grates  Used  in  Municipal 
Incinerator  Plants. 
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weight  of  the  incoming  refuse.   A  number  of  studies  have  been 
performed  which  have  analyzed  the  composition  of  municipal 
refuse . 

Niessen  and  Chansky  found  that  municipal  refuse  composi- 
tion varied  according  to  three  climatic  zones.   These  zones 
had  variations  in  the  amounts  of  food  wastes  and 
yard  wastes  in  the  refuse,  although  the  composition  of  the 
non-combustible  fraction  of  the  refuse  was  found  to  be  similar. 
Table  1  presents  average  composition  figures  for  municipal 
refuse  (46)  . 

Kaiser,  Zeit,  and  McCaffery  performed  a  study  of  the  mois- 
ture content,  density,  and  composition  of  municipal  refuse  re- 
ceived at  an  incinerator  plant  in  Hempstead,  New  York  at  various 
times  during  the  course  of  a  year.   They  found  that,  as  expec- 
ted, the  percentage  of  yard  wastes  and  paper  in  the  refuse 
varied  significantly  during  various  times  of  the  year.   This 
variation  in  turn  directly  affected  the  overall  moisture  con- 
tent of  the  refuse,  which  was  found  to  range  between  19  to  42 
percent  during  non-rainy  periods.   The  moisture  content  of 
refuse  collected  during  rainy  periods  was  not  determined. 
Compositional  ranges  were  determined  for  all  components  in  the 
refuse  received  at  this  location  during  the  period  of  time  the 
study  was  conducted  (35) . 

Schoenberger  and  Fungaroli,  in  their  study  of  an  incin- 
erator residue  fill  site,  determined  the  physical  composition 
of  raw  refuse  received  at  a  traveling  grate  incinerator  in 
Philadelphia.   On  a  dry  weight  basis,  they  determined  that 
the  combustible  fraction  of  the  refuse  studied  comprised 
slightly  more  than  50  percent  by  weight  of  the  total  refuse 
(58) .   This  can  be  compared  with  a  separate  investigation 
performed  by  Purdom  and  Schoenberger,  who  determined  that 
from  60  to  70  percent  of  all  refuse  is  combustible  on  a  wet 
basis  (53) . 

The  relationship  between  unburned  refuse  and  incinerator 
residue  is  shown  in  Figure  2 .   The  sum  of  the  combustible  and 
non-combustible  fractions  is  equal  to  the  total  unit  weight 
of  the  refuse  on  a  dry  basis.   The  combustible  portion  is  not 
completely  incinerated.   The  ratio  of  the  incinerated  portion  (I) 
to  the  original  combustible  fraction  (A)  is  degree  of  burn-out. 

4.2.2   Basic  Types  of  Incinerator  Residues 

In  attempting  to  classify  incinerator  residues,  it  was 
decided  that  the  degree  of  burn-out  should  be  used  as  the  de- 
terminant of  residue  quality.   The  degree  of  burn-out  is  in- 
fluenced to  some  extent  by  the  composition  of  the  refuse 
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Table  1.   Estimated  National  Average  Composition 

of  Municipal  Refuse! 


Component 

Paper 

Food  Wastes 

Metals 

Glass 

Wood 

Textiles 

Leather  and  rubber 

Plastics 


Percent  by  Weight 
51.6 
19.3 
10.2 

9.9 

3.0 

2.7 

1.9 

1.4 
100.0 


^-Percentage  figures  derived  from  Niessen,  W.  R.  and  Chansky, 
S.  H.,  "The  Nature  of  Refuse,"  1970,  p.  7,  (46). 

NOTE:     These  composition  figures  have  been  developed  on  a 
"yard  waste"  free  and  "miscellaneous"  free  basis. 
"Yard  waste"  includes  leaves,  grass,  branches,  etc. 
"Miscellaneous"  includes  bricks,  rocks,  and  dirt. 
These  two  fractions  are  highly  variable  and  can 
constitute  up  to  one-third  of  the  refuse  at  certain 
times. 
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Figure  2.   Relationship  of  Municipal  Refuse  to  Incinerator  Residue 
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burned,  but  is  primarily  a  function  of  the  nature  of  the  burn- 
ing operation.   This  is  dependent  upon  the  basic  design  of  the 
incinerator  furnace  and  grates  and  the  overall  efficiency  of 
operation. 

Although  there  are  some  inherent  differences  in  the  composi- 
tion and  moisture  content  of  refuse,  these  variations  general- 
ly fall  within  known  and  predictable  ranges.   Similarly,  the 
efficiency  of  operation  in  a  given  incinerator  plant  can  vary, 
according  to  differences  in  the  operational  philosophies  of 
superintendents .   However ,  over  an  extended  period  of  time , 
acute  differences  of  this  type  become  mitigated.   Although 
these  factors  are  variables  which  influence  the  character  of 
the  resultant  residue,  their  overall  effect  from  one  inciner- 
ator location  to  another  is  difficult,  if  not  impossible,  to 
quantify.   Therefore,  these  factors  will  not  be  considered 
when  attempting  to  relate  residue  quality. 

This  leaves  the  basic  design  of  the  furnace  and  grates  as 
the  most  reliable  indicator  of  the  degree  of  burn-out  of  in- 
cinerator residue.   In  general,  it  can  be  stated  that  contin- 
uous fed  incinerators  produce  a  better  burn-out  than  batch  fed 
incinerators. (58)   Furthermore,  incinerators  with  grates  which 
agitate  the  refuse  during  burning  produce  a  higher  degree  of 
burn-out  than  incinerators  with  grates  having  little  or  no  ag- 
itation. (51) 

With  these  parameters  in  mind,  a  classification  system 
was  developed  in  which  incinerator  residues  could  be  described 
essentially  on  the  basis  of  their  relative  degree  of  burn-out. 
Six  basic  residue  types  were  developed  for  the  purpose  of  re- 
presenting the  total  spectrum  of  available  municipal  inciner- 
ator residues.   These  are: 

Type  1  -  Ultra-well-burned -out  residue  from  rotary  kilns. 
These  residues  are  approximately  5  to  10  volume 
percent  and  25  to  30  weight  percent  of  the  re- 
fuse input.  (2)   This  represents  virtually  com- 
plete burn-out. 

Type  2  -  We 11 -burned -out  residues  from  continuous  incin- 
erators having  rocking  grates,  reciprocating 
grates,  or  roller  grates.   These  residues  are 
approximately  10  volume  percent  and  25  to  30 
weight  percent  of  the  refuse  input.  (2)   The 
major  difference  between  Type  1  and  Type  2  res- 
idues will  be  the  ultra-high  degree  of  burn- 
out and  smaller  screen  size  of  particles  of  the 
well-tumbled  product  from  rotary  kilns. 
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Type  3  -  Intermediate ly  burned -out  residues  from  the  num- 
erous continuous  incinerators  with  traveling 
grates.   These  chain  conveyor  grates  do  not 
mechanically  agitate  or  break  down  the  burning 
refuse  to  any  great  extent.   Their  only  virtue 
over  batch  burning  is  that  they  operate  with  a 
shallow  bed  of  burning  refuse.   This  permits 
better  exposure  to  combustion  air  than  a 
densely-packed  batch-operated  furnace.   These 
residues  can  be  expected  to  be  approximately 
20  volume  percent  and  30  to  35  weight  percent 
of  the  refuse  input  (2) . 

Type  4  -  Poorly  burned-out  residues  from  batch  inciner- 
ators or  especially  poorly  operated  continuous 
incinerators.   Residues  will  be  approximately 
35  to  40  volume  percent  and  30  to  40  weight 
percent  of  the  refuse  input .   Large  wet  items 
(such  as  rugs  and  phone  books)  would  not  be 
totally  burned,  since  there  would  be  no  drying 
zone  as  in  a  well  operated  continuous  incinera- 
tor.  Variation  in  batch  burning  time  would 
significantly  affect  the  degree  of  burn-out. 

Type  5  -  Residues  with  especially  low  metal  content. 

Tin  cans  and  ferrous  metals  are  sometimes  re- 
moved from  incinerator  residues  at  a  few  plants 
in  the  South  and  West.   Cans  are  the  major 
metal  component  in  incinerator  residues .  (11) 
Their  removal  could  significantly  change  bulk 
density  and  gradation  which  in  turn  should  in- 
fluence the  highway  construction  characteris- 
tics of  the  residue. 

Type  6  -   Pyrolysis  residues.   Pyrolysis  plants  achieve 
volume  reduction  as  incinerators  do  by  oxida- 
tion and  thermal  decomposition  of  combustibles. 
However,  slightly  lower  temperatures  are  gen- 
erally used  in  pyrolyzers  and  excess  air  is 
excluded.   The  residues  are  approximately  5 
to  10  volume  percent  and  15  to  20  weight  per- 
cent of  the  refuse  input  (55)  . 

Sampling,  characterization,  and  subsequent  laboratory 
testing  of  incinerator  residues  was  conducted  on  the  basis  of 
this  classification  system. 
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4.3   SUMMARY  OF  MUNICIPAL  INCINERATOR  LOCATIONS 

One  of  the  objectives  of  this  study  was  to  identify  the 
geographical  locations  of  currently  operating  municipal  incin- 
erator plants  and  to  determine  the  types  and  estimated  quanti- 
ties of  residues  available  at  each  plant  location  for  possible 
use  as  a  highway  construction  material .   The  scope  of  this 
study  does  not  include  commercial  and  industrial  incinerators, 
hundreds  of  which  exist  throughout  this  country.   These  instal- 
lations are  comparatively  small  in  size  and  dispose  of  a 
variety  of  solid  waste  sources. 

Pindzola  and  Collins  (51)  ,  in  an  interim  report  to  the 
Federal  Highway  Administration  for  this  study,  noted  that  over 
the  past  ten  years  four  major  surveys  of  incinerator  plants 
in  the  United  States  have  been  conducted.   These  surveys 
include : 

1.  The  1966  survey  of  Stephenson  and  Cafierro  compiled 
comprehensive  design  and  operational  features  on  290 
incinerators  then  operating  in  the  U.S.  and  Canada. (65) 

2.  The  1970  Arthur  D.  Little  (ADL)  survey  by  Niessen 
compiled  a  listing  of  individual  plants  operating 
at  that  time  with  particular  emphasis  on  air  pollu- 
tion control  features . 

3.  Achinger  and  Baker  in  1973  reviewed  the  number  and 
general  location  of  plants  operating  as  of  May  1972. 
(1)   Composite  data  were  given  on  193  plants, 
rather  than  data  on  individual  plants. 

4.  Richard  Fenton,  Assistant  Administrator,  New  York 
City  Environmental  Protection  Administration,  began 
a  questionnaire  survey  of  the  status  of  incinerator 
plants  operating  in  August,  1973.   The  final  respon- 
ses to  the  survey  were  received  in  December,  1974. 
Emphasis  in  this  survey  was  placed  on  discovering 
operational  problems,  particularly  in  regard  to  the 
handling  of  non-residential  refuse.   These  data 
were  presented  by  Fenton  at  a  meeting  of  the  Solid 
Waste  Processing  Division  of  the  American  Society 

of  Mechanical  Engineers  in  New  York  City  on  January 
29,  1975. 

The  information  collected  by  Fenton  pertaining  to  loca- 
tions and  operating  capacities  of  incinerator  plants  was  used 
by  Pindzola  and  Collins  for  tabulating  an  initial  list  of 
operating  municipal  incinerators.   This  list,  considered  cur- 
rent as  of  December,  1974,  includes  a  total  of  142  incinerator 
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pyrolysis  plants  which  processed  an  estimated  16  million  tons 
(14.5  M  tonnes)  of  refuse  annually  while  producing  approximately 
5.5  million  tons  (5.0  M  tonnes)  residue  (51). 

In  view  of  the  rapid  changes  in  technology  and  operations 
which  are  presently  occurring  in  the  solid  waste  industry,  it 
is  certain  that,  even  in  this  short  interval  of  time,  there 
are  numerous  modifications  in  the  data  developed  by  Fenton  and 
presented  by  Pindzola  and  Collins.   Such  modifications  are 
attributable  to  a  number  of  factors,  including: 

1.  Construction  of  new  incinerator  plants. 

2.  Expanded  capacity  at  existing  plants. 

3.  Closure  of  incinerator  plants  due  to  functional  obsoles- 
cense or  non-compliance  with  pollution  standards. 

In  order  to  update  the  Fenton  data  and  accurately  assess 
the  effect  of  the  above  factors  on  future  trends  in  the  incin- 
eration industry,  Valley  Forge  Laboratories  contacted  solid 
waste  management  personnel  in  state  environmental  or  public 
health  departments  in  all  states  in  which  the  Fenton  study  indi- 
cated there  were  any  operating  incinerator  plants.   A  list 
of  applicable  incinerator  plant  locations  and  operating  capa- 
cities from  the  Fenton  study  was  included  with  the  correspon- 
dence to  each  respective  state  agency.   Information  was 
requested  from  each  of  these  states  regarding  any  changes  in 
this  basic  information  with  respect  to  new  plants,  increased 
capacity,  and  actual  or  anticipated  plant  closings. 

In  addition,  contacts  were  made  with  all  other  states  in 
which  there  were  no  operating  incinerators  according  to  the 
Fenton  study.   The  purpose  of  these  contacts  was  to  determine 
whether  any  incinerator  plants  had  been  recently  constructed 
or  if  there  were  plans  to  include  incineration  as  a  means  of 
solid  waste  disposal  at  some  time  in  the  near  future. 

A  total  of  37  state  agencies  responded  to  these  inquiries. 
The  information  developed  from  these  contacts  was  integrated 
with  that  previously  developed  by  Fenton  and  others  in  order 
to  compile  an  updated  list  of  operating  municipal  incinerator 
plants  in  the  United  States.   This  list,  current  as  of  December, 
1975,  is  presented  in  Table  2.   The  plants  have  been  arranged 
and  numbered  in  alphabetical  order  by  state . 

The  locations  of  the  municipal  incinerator  plants  noted 
in  Table  2  are  shown  in  Figure  3.   The  circled  figures 
represent  the  number  of  plants  in  that  state.   This  map 
indicates  that  the  majority  of  presently  operating  incinerators 
are  located  in  the  so-called  "incinerator  belt"  of  the  north- 
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eastern  United  States  between  Washington,  D.  C.  and  Boston, 
Mass. (1) 

Table  2  presents  some  essential  information  pertaining 
to  each  incinerator  plant,  such  as  its  age,  capacity,  furnace 
design,  operational  characteristics,  and  estimated  residue  type 
and  quantity. 

The  type  of  residue  was  determined  from  the  classifica- 
tion system  described  in  the  previous  section  of  this  chapter. 
The  following  guidelines  were  used : 

1.  All  rotary  kiln  incinerators  were  considered  to  produce 
Type  1  residue . 

2 .  All  continuous  fed  incinerators  with  reciprocating  or 
rocking  grates  were  considered  to  produce  Type  2  residue. 

3.  All  continuous  fed  incinerators  with  traveling  grates 
were  considered  to  produce  Type  3  residues. 

4.  All  batch  type  incinerators  were  considered  to  produce 
Type  4  residue. 

The  following  procedure  was  used  to  calculate  the  estimated 
quantity  of  residue  produced  at  each  plant: 

1.  The  type  of  residue  was  determined  using  the  six-type 
classification  system  developed  in  Section  4.2. 

From  this  the  estimated  weight  fraction  of  residue 
remaining  after  incineration  was  obtained.   The 
type  of  furnace  and  grate  design  of  each  incinera- 
tor is  listed  whenever  such  information  is  known. 
Predicted  residue  quality  type  designations  are  also 
listed. 

2.  The  operating  schedule  for  each  incinerator  was 
determined  using  actual  hours  if  reported  or  assum- 
ing six  day,  24  hour  per  day  operation,  if  no  data 
had  been  reported  in  the  survey  questionnaire. 
(This  schedule  was  the  most  commonly  reported  one) . 

A  46  week  operating  period  was  assumed  for  all  plants. 
This  would  allow  six  one-week  shut-downs  for  main- 
tenance . 

A  total  of  141  incinerator  plants  are  listed  in  Table  2, 
compared  to  142  plants  listed  by  Pindzola  and  Collins.   Despite 
the  fact  that  the  total  number  of  plants  is  virtually  the  same, 
there  are  some  notable  differences  between  the  two  lists. 
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The  Landgard  pyrolysis  plant  in  Baltimore,  which  was 
listed  by  Pindzola  and  Collins,  is  not  included  in  this  more 
updated  listing  because  the  facility  has  yet  to  be  placed  into 
full  operation.   Although  plant  construction  is  completed,  the 
system  has  been  unable  to  comply  with  the  particulate  standards 
of  the  State  of  Maryland.   Mechanical  adjustments  must  be  made 
and  additional  pollution  control  devices  must  also  be  installed. 
The  estimated  cost  for  this  remedial  work  is  approximately 
10  million  dollars,  thus  delaying  the  regular  operation  of 
the  plant  until  sometime  in  1977  (49)  .   It  is,  therefore,  not 
included  in  the  current  tabulations. 

The  City  of  Nashville  has  been  operating  a  new  720  ton  per 
day  waterwall  incinerator  facility  since  late  197  4.   Energy 
derived  from  incinerating  solid  waste  is  used  to  heat  and  cool 
buildings  in  the  downtown  part  of  the  city.   Although  this 
facility  has  experienced  some  problems  during  its  period  of 
operation,  it  continues  to  be  the  prime  example  of  energy 
recovery  incineration  in  the  United  States. (49)   It  was  not 
noted  in  the  earlier  report,  but  is  included  in  Table  2  of 
this  report. 

Another  relatively  new  installation  not  previously  inclu- 
ded in  the  list  of  operating  plants  is  a  new  1200  ton  (1080 
tonne)  per  day  energy  and  resource  recovery  incineration  fa- 
cility in  Saugus,  Massachusetts.   This  plant  was  designed, 
constructed,  and  is  being  operated  by  Refuse  Energy  Systems 
Company  (RESCO) ,  a  privately  owned  joint  venture  of 
Wheelabrator-Frye ,  Inc.  and  DeMatteo  Construction  Company. 
The  Saugus  plant  became  operational  in  December,  1975  and  is 
now  functioning  at  full  capacity  with  no  significant  technical 
difficulties. (49) 

In  addition  to  the  new  facilities  noted  above,  it  is  impor- 
tant to  be  aware  of  other  trends  in  the  incineration  industry, 
which  will  affect  the  future  locations  and  quantities  of 
available  incinerator  residue  in  the  future.   These  trends 
are  based  on  information  received  from  state  solid  waste 
personnel  and  will  be  briefly  noted  by  state. 

In  California,  a  new  200  ton  (180  tonne)  per  day  pyrol- 
ysis plant  is  under  construction  in  El  Cajon,  San  Diego  County. 
This  plant,  developed  by  Occidental  Research  Corporation,  is 
expected  to  be  placed  in  operation  during  August  of  1976  and 
will  produce  a  synthetic  oil  and  char  from  pyrolysis  of  the 
organic  fraction  of  municipal  solid  waste.   In  addition  to 
liquid  fuel,  each  ton  of  processed  refuse  will  yield  about 
140  pounds  (64  kilograms)  of  ferrous  metals  and  110  pounds 
(50  kilograms)  of  glass  for  recycling.   Occidental  has  also 
developed  a  process  for  separating  the  aluminum  from  the 
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refuse.1  The  State  Solid  Waste  Management  Board  has  also 
noted  that  a  1000  ton  (900  tonne)  per  day  steam  generating 
incinerator  is  to  be  built  in  Wilmington,  pending  approval 
from  the  local  air  pollution  control  district. 2 

The  Kapaloma  and  Kewalo  incinerator  plants  in  Honolulu, 
Hawaii  are  scheduled  to  close  down  by  March  1,  1977.   In  Illinois, 
the  Chicago  Southwest  incinerator  is  scheduled  for  shutdown  during 
April,  1977.   It  is  also  possible  that  the  Cicero  plant  may  be 
shut  down  if  it  is  unable  to  comply  with  Illinois  Air  Pollu- 
tion Control  regulations. 3 

The  Commonwealth  of  Massachusetts  has  reported  that  the 
Holyoke  and  Winchester  plants  will  both  close,  although  no 
definite  dates  were  given  for  their  closing. ^   Similarly,  in 
Missouri,  the  St.  Louis  north  and  south  plants  plan  to  cease 
operation  within  the  next  three  years.   These  plants  are 
unable  to  meet  air  quality  criteria.   The  solid  waste  now  being 
handled  at  these  plants  will  be  processed  and  used  by  the  Union 
Electric  Company  as  supplementary  fuel  for  power  generation  at 
existing  coal  burning  power  stations. 5 

The  Texas  Department  of  Health  Resources  has  reported 
that  the  City  of  Amarillo's  incinerator  plant  is  in  violation 
of  air  quality  standards  and  may  have  to  be  closed  sometime  in 
the  near  future.6   it  has  also  been  reported  that  several 
incinerator  facilities  in  the  State  of  Wisconsin  are  presently 
operating  in  violation  of  regulations  and  are  under  litigation. ' 


■^-Civil  Engineering,  February,  1976,  pp.  71-72. 

2Mr .  Robert  D.  Gcodier,  Chief,  Resource  Recovery  Division,  Cali- 
fornia Solid  Waste  Management  Board,  Sacramento,  California. 
Correspondence  dated  January  16,  1976. 

^Mr.  Keith  J.  Conklin,  Manager,  Permit  Section,  Illinois 
Environmental  Protection  Agency,  Division  of  Air  Pollution 
Control,  Springfield,  Illinois.   Correspondence  dated 
December  31,  1975. 

4Mr .  Alden  E.  Cousins,  Director,  Commonwealth  of  Massachusetts, 
Bureau  of  Solid  Waste  Disposal,  Boston,  Massachusetts.  Corres- 
pondence dated  November  13,  1975. 

5Mr .  Rich  L.  Roberts,  Chief,  Solid  Waste  Technical  Services, 
Missouri  Department  of  Natural  Resources,  Jefferson  City, 
Missouri.   Correspondence  dated  November  19,  1975. 

6Mr.  Charles  K.  Foster,  Director,  Division  of  Environmental 
Engineering,  Texas  Department  of  Health  Resources,  Austin, 
Texas.   Correspondence  dated  January  28,  1976. 

7Mr.  Thomas  W.  Sy,  Engineer,  Solid  Waste  Management  Section, 
Wisconsin  Department  of  Natural  Resources,  Madison,  Wisconsin. 
Correspondence  dated  November  21,  1975. 
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It  has  been  recently  reported  that  the  three  municipally 
operated  incinerator  plants  in  Delaware  County,  Pennsylvania 
will  be  closed,  probably  by  the  end  of  1976.   These  three  plants 
are  located  in  Chester,  Darby,  and  Marple  Townships.   All 
three  plants  were  cited  two  years  ago  by  the  U.S.  Environmental 
Protection  Agency  for  violations  jDf  the  Clean  Air  Act.   The 
estimated  total  cost  of  installing  anti-pollution  devices  at 
these  incinerators  to  bring  them  into  compliance  with  current 
air  quality  standards  is  $25  million.   Therefore,  a  decision 
was  made  to  discontinue  operating  the  incinerators  and  to 
use  two  of  the  sites  (Chester  and  Marple  Townships)  as  transfer 
stations,  so  that  the  refuse  can  be  hauled  to  landfill  sites 
outside  of  Delaware  County. 8 

Table  3  presents  a  summary  of  the  estimated  amounts  of 
various  types  of  incinerator  residues  produced  annually  on  a 
state  by  state  basis.   Since  very  few  plants  presently  prac- 
tice metal  recovery,  a  type  5  category  was  not  included  in 
this  summation.   Since  no  municipal-scale  pyrolysis  plants 
are  in  operation  at  the  present  time,  there  is  also  no  type 
6  category  included. 

Table  3  indicates  that  incinerator  residues  are  currently 
being  produced  in  24  states  and  the  District  of  Columbia. 
Approximately  4.8  million  tons  (4.4  M  tonnes)  of  residues  are 
generated  annually.   The  greatest  quantities  are  produced  in 
populous  states,  many  of  which  are  located  in  the  northeastern 
part  of  the  country.   The  largest  amounts  of  material  are 
produced  at  plants  having  continuous  traveling  grates  or 
batch-type  incinerators.  Nearly  one-third  of  all  residue  is 
well-burned  out  from  rotary  kiln  or  continuous  rocking  or  re- 
ciprocating grate  plants . 

Other  pertinent  information  on  the  estimated  quantities 
of  incinerator  residues  available  in  major  metropolitan  areas 
is  also  presented  in  the  Pindzola  and  Collins  report.   A 
comparison  is  made  in  that  report  of  estimated  residue  quan- 
tities with  projected  highway  aggregate  needs  on  a  state  and 
local  basis.   In  many  states,  incinerator  residues  could  supply 
1  to  9  percent  of  the  annual  highway  aggregate  requirements  (51) 
In  some  municipalities,  it  is  possible  that  incinerator  residue 
could  provide  as  much  as  25  to  50  percent  of  the  aggregate  needs 
of  the  municipality. 


o 

The  Evening  Bulletin,  Philadelphia,  Pa.,  Thursday,  July  18,  1976. 
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Table  3.   Quantities  and  Types  of  Incinerator 
Residues  Produced  in  each  State-'- 


1 

Type  c 
2 

f  Residue 
3 

4 

Total 
Residue 

1. 

Connecticut 

11,500 

179,640 

328,478 

519,618 

2. 

Florida 

72,450 

66,240 

125,580 

39,675 

303,945 

3. 

Hawaii 

48,300 

58,984 

107,284 

4. 

Illinois     115,920 

154,560 

135,240 

405,720 

5. 

Indiana 

17,390 

17,390 

6. 

Kentucky 

82,800 

82,800 

7. 

Louisiana 

86,940 

57,960 

44,160 

189,060 

8. 

Maryland 

135,240 

88,320 

223,560 

9. 

Massachusetts 

5,030 

220,575 

11,040 

236,645 

10. 

Michigan 

41,400 

66,240 

66,240 

173,880 

11. 

Minnesota 

1,545 

1,545 

12. 

Missouri 

80,960 

80,960 

13. 

New  Hampshire 

17,323 

17,323 

14. 

New  York 

314,040 

627,900 

430,620 

1,372,560 

15. 

North  Carolina 

(No  data 

available) 

16. 

Ohio 

183,080 

33,296 

216,376 

17. 

Oklahoma 

7,507 

7,507 

18. 

Pennsylvania 

38,640 

66,930 

255,990 

361,560 

19. 

Rhode  Island 

10,733 

10,733 

20. 

Tennessee 

59,616 

59,616 

21. 

Texas 

72,900 

32,200 

105,100 

22. 

Utah 

43,470 

43,470 
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Table  3 .   Quantities  and  Types  of  Incinerator 

Residues  Produced  in  each  State1  (Cont'd) 

Type  of  Residue  Total 

1         2         3         4         Residue 

23.  Virginia  49,680  35,000  53,360  138,040 

24.  Washington,  DC         144,900  144,900 

25.  Wisconsin 6,955  1,062  28,770  36,787 

Totals  356,240  1,188,560  1,990,646  1,320,933  4,856,379 

Percent  of  Total    7.34     24.47     40.99     27.22 

Quantities  of  residue  expressed  in  tons  per  year. 
NOTE:   1  short  Ton  =  .9072  tonne. 
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4.4   PREVIOUS  CONSTRUCTION  USES  OF  INCINERATOR  RESIDUE 

Up  to  the  present  time,  there  has  been  a  limited  use  of 
incinerator  residue  for  highway  purposes  in  the  United  States. 
European  practice  appears  to  be  more  widespread,  judging  from 
citations  in  the  literature.   However,  actual  details  of 
European  applications  of  incinerator  residue  are  not  reported 
in  the  solid  waste,  highway,  or  construction  literature.   Each 
user  apparently  develops  suitable  procedures  for  use.   In 
addition,  there  are  indications  that  European  incinerator 
residues  may  be  used  in  highway  construction  on  a  sporadic 
basis,  rather  than  continuously.   The  same  situation  to  some 
extent  may  apply  to  U.  S.  practices. 

During  World  War  II,  motivated  by  shortages  and  economics, 
incinerator  residue  was  used  as  subbase  and  embankment  material 
in  the  construction  of  Pennsylvania  Highway  Route  No.  291,  the 
so-called  "Industrial  Highway,"  between  the  Philadelphia  Inter- 
national Airport  and  Chester.   The  residue  was  also  widely 
used  at  that  time  for  embankment  construction  of  numerous 
fire  dams  around  the  oil  tanks  of  the  several  large  refineries 
in  Philadelphia.   A  local  contractor  whose  firm  was  involved 
in  much  of  this  work  has  noted  that  the  residue  was  an  excel- 
lent construction  material,  but  that  the  practice  of  utilizing 
it  was  stopped  after  the  war. 9 

Similar  reports  of  highly  successful  but  non-continuous 
usage  of  incinerator  residue  in  road  construction  have  also 
come  from  New  York  City.   It  has  been  reported  that  both 
refuse  and  incinerator  residue  were,  used  in  constructing  many 
streets  in  Brooklyn  during  and  after  World  War  II .   The  residue 
proved  to  be  an  acceptable  subgrade  material.   It  coirpacted 
readily,  whereas  refuse  used  as  fill  produced  a  spongy  support.  -^ 
Unfortunately,  no  detailed  studies,  reports,  or  publications  are 
available  to  document  this  work. 

4.4.1   Laboratory  Investigations  of  Incinerator  Residue 

r 

Initial  laboratory  investigations  into  the  possible  use 
of  incinerator  residue  were  begun  approximately  ten  years  ago. 
One  of  the  earliest  investigators  was  Mr.  Edward  Walter,  who 
at  that  time  was  Director  of  Public  Works  in  the  City  of 


%r.  Dominick  Cappelli,  Cappelli  Brothers  Trucking,  Glen  Mills, 
Pennsylvania.   Personal  communication. 

10Mr.  Richard  Fenton,  Assistant  Commissioner,  New  York  City 
Environmental  Protection  Administration,  New  York,  N.  Y. 
Personal  communication. 
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Baltimore.   His  work,  involving  use  of  the  patented  residues 
in  bituminous  mixtures  (6  8)  is  discussed  in  detail  in  section 
4.4.2  and  Chapter  6  of  this  report. 

Several  years  ago  some  laboratory  testing  of  incinerator 
residues  from  various  locations  for  use  in  bituminous  binder 
courses  and  base  courses  was  performed  by  the  Boeing  Company 
over  a  two  to  three  year  period.   In  the  course  of  their 
research,  Boeing  concluded  that  incinerator  residues  met  the 
gradation  requirements  of  aggregate  for  use  in  bituminous 
binders  in  Pennsylvania.   Laboratory  tests  were  conducted 
to  determine  the  aggregate  properties  of  rotary  kiln  incin- 
erator residues  from  Grosse  Point,  Michigan,  and  Chester, 
Pennsylvania.   Test  results  were  compared  with  Pennsylvania 
DOT  requirements  and  were  generally  found  to  be  within  speci- 
fication requirements. 

Marshall  tests  were  performed  on  specimens  molded  with 
residue  from  each  of  the  above  sources  mixed  with  between  7.5 
and  9.0  percent  asphalt.   Marshall  test  values  indicate  that 
the  tested  rotary  kiln  incinerator  residues  can  be  used  to 
produce  acceptable  bituminous  paving  mixtures.   Stability 
values  ranged  from  1150  to  1930  pounds  and  flows  ranged  from 
12.8  to  15.3.   These  values  were  generally  within  acceptable 
standards  of  the  Asphalt  Institute  for  pavements  with  heavy 
traffic. 11 

A  laboratory  investigation  of  the  incinerator  residue 
from  the  new  RESCO  plant  at  Saugus ,  Massachusetts  was  performed 
at  Notre  Dame  University.   The  purpose  of  the  investigation 
was  to  determine  the  potential  suitability  of  this  source  of 
residue  as  an  aggregate  for  use  in  paving  mixtures  and  in 
the  manufacture  of  concrete  block.   Tests  were  conducted  to 
evaluate  the  laboratory  performance  of  the  residue  in  bitum- 
inous concrete,  portland  cement  concrete,  base  course  and 
subbase  applications. 

Samples,  of  quenched,  magnetically  separated  residue 
were  obtained  for  the  testing  program.   Standard  ASTM  aggregate 
acceptance  tests  were  performed.   The  material  exhibited  no 
organic  impurities  and  had  acceptable  values  for  Los  Angeles 
abrasion  and  magnesium  sulfate  soundness.   Dry  rodded  weights 
were  found  to  range  between  60  to  80  pounds  per  cubic  foot 
(961.2  to  1,281.6  kilograms  per  cubic  meter).   The  absorption 
of  the  material  was  found  to  increase  with  increasing  particle 
size,  with  absorption  values  ranging  from  16  to  32  percent. 


Mr.  Herbert  Wahl,  Boeing  Corporation,  Eddystone ,  Pennsylvania. 
Personal  communication. 
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The  residue  was  investigated  for  possible  use  as  base  or 
subbase  material  using  the  California  Bearing  Ratio  (CBR)  test. 
A  CBR  value  of  60  percent  was  obtained  for  a  soaked  sample 
compacted  at  7  percent  optimum  moisture  content,  compared  to 
a  value  of  100  percent  for  limestone. 

Marshall  tests  were  run  on  bituminous  concrete  specimens 
of  asphalt  and  incinerator  residue .   The  specimens  were  found 
to  fulfill  Marshall  mix  design  requirements,  although 
air  voids  values  were  found  to  be  slightly  on  the  high  side. 
The  optimum  asphalt  content  was  determined  at  5.7  percent. 
No  anti-stripping  agent  was  used  in  the  mixtures  and  no  tests 
were  performed  to  evaluate  the  durability  of  these  mixtures. 

The  use  of  incinerator  residue  in  portland  cement  concrete 
mixtures  was  also  investigated.  Compressive  strengths  as  high 
as  4000  psi  (281.2  kg/cm2)  were  obtained  from  3  inch  (7.62  cm) 
diameter  by  6  inch  (15.24  cm)  high  test  cylinders  of  such  mix- 
tures at  comparatively  low  water-cement  ratios.  Sand  or  stone 
were  combined  with  the  residue.  Some  expansion  was  observed  in 
these  mixtures,  probably  due  to  alkali-aggregate  reaction,  al- 
though it  was  felt  that  this  expansion  could  be  controlled  (40) . 

A  laboratory  study  of  incinerator  residue  as  an  aggregate 
for  concrete  and  asphalt  paving  mixtures  was  conducted  during 
1970  at  the  University  of  Alberta  in  Canada.   Residue  samples 
for  this  program  were  obtained  from  Edmonton,  Calgary,  and 
Medicine  Hat  and  were  subjected  to  further  heat  treatment  in 
order  to  remove  organic  materials. 

A  series  of  tests  were  conducted  using  these  materials  as 
aggregate  for  portland  cement  concrete.   The  results  were  unsatis- 
factory due  to  swelling  during  the  curing  period  and  ultimate 
strengths  well  below  those  of  concrete  with  normal  gravel  aggre- 
gate.  However,  Marshall  tests  performed  on  asphalt-residue 
paving  mixtures  indicated  that  the  material  will  produce  accept- 
able mixtures  with  surprisingly  high  stability,  as  well  as 
acceptable  retained  stabilities  after  immersion  in  water  at 
140°  F  (60°C)  for  24  hours  (42). 

Some  laboratory  testing  of  incinerator  residues  for  use 
in  portland  cement  concrete  has  been  performed  at  Drexel 
University  in  Philadelphia.   The  purpose  of  these  tests  was 
to  determine  the  potential  of  using  incinerator  residue  as 
a  component  of  ferro-cement  mixtures   in  canoe  construction. 
This  work  involved  sampling  incinerator  residue  from  the  North- 
west Incinerator  in  Philadelphia  and  determining  the  physical 
properties  of  concrete  mixtures  using  this  residue.   The 
residue  used  in  the  testing  program  was  screened  through 
a  one-half  inch  (12.7  mm)  sieve. 
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A  total  of  twelve  different  residue-cement  mixes,  with 
varying  proportions  of  aggregate ,  cement ,  and  water  were 
molded  and  tested  in  unconfined  compression.   A  maximum  uncon- 
fined  compressive  strength  value  of  1300  psi  was  attained  at 
a  water-cement  ratio  of  0.55  and  an  aggregate-cement  ratio 
of  1.0.   Compressive  strength  values  for  these  incinerator 
residue  mixes  are  approximately  one-third  of  the  compres- 
sive strength  obtainable  from  conventional  concrete  mixtures 
of  similar  proportions  using  sand  as  the  aggregate.   However, 
these  mixes  were  proportioned  in  order  to  attain  needed 
workability  for  the  construction  of  canoes. *■* 

During  1977,  the  City  of  Baltimore,  Maryland,  expects  to 
be  operating  a  1C00  tons  per  day  Landgard  pyrolysis  plant 
developed  by  Monsanto  Enviro-Chem  Systems,  Inc.   The  City  is 
planning  to  use  the  glassy  fraction  of  the  residue  from  this 
plant  as  an  aggregate  material  for  bituminous  wearing  surfaces. 

Two  samples  of  the  glassy  aggregate  residue  from  a 
Monsanto  pilot  pyrolysis  plant  in  Saint  Louis,  Missouri 
were  tested  by  the  University  of  Missouri  at  Rolla  to 
determine  the  suitability  of  this  residue  for  use  in  bitu- 
minous paving  mixtures.   Marshall  test  specimens  were  molded 
with  washed  pyrolysis  residue  mixtures  containing  16  percent 
of  added  stone  and  sand.   The  properties  of  these  specimens  were 
compared  to  the  Marshall  design  criteria  for  medium  traffic 
recommended  by  the  Asphalt  Institute. 

None  of  the  Marshall  specimens  that  were  tested  fully 
met  the  Marshall  design  criteria  with  respect  to  air  voids 
or  voids  in  mineral  aggregate.   However,  the  resultant 
stability  and  flow  values  were  well  within  the  design  criteria. 
The  report  from  the  University  of  Missouri  noted  that  adjust- 
ments in  asphalt  content  and  aggregate  particle  size  grada- 
tion should  bring  the  values  of  the  voids  within  specification 
limits.   The  conclusion  of  this  investigation  was  that  the 
washed  pyrolysis  residue  should  be  considered  for  use  in 
GLASPHALT  type  mixes,  but  that  possible  use  of  the  unwashed 
pyrolysis  residue  in  these  mixes  must  be  ascertained. 


12Dr.  Robert  M.  Koerner,  Drexel  University,  Philadelphia, 
Pennsylvania.   Personal  communication. 
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As  a  follow-up  to  these  tests,  the  Public  Works  Depart- 
ment of  Baltimore  County  also  evaluated  bituminous  mixtures 
using  pyrolysis  residue  in  place  of  washed  sand.   The  purpose 
of  this  evaluation  was  to  determine  whether  a  base  course 
mix  using  the  glassy  portion  of  pyrolysis  residue  could  be 
designed  which  conforms  to  the  Marshall  design  criteria  of 
the  Maryland  State  Roads  Commission .13 

4.4.2   Highway  Construction  Uses  of  Incinerator  Residue 

During  the  past  several  years  the  City  of  Tampa,  Florida, 
has  been  using  the  residue  from  a  rotary  kiln  incinerator  as 
fill  or  embankment  material,  soil  stabilizer,  and  as  subbase 
for  parking  lots.   The  City  normally  stockpiles  the  residue 
for  approximately  a  year,  during  which  time  oxidation  of 
cans  and  decomposition  of  combustibles  takes  place.   This 
stockpiling  is  equivalent  to  an  extended  burn-out  and  has 
resulted  in  improving  the  gradation,  stability,  and  compaction 
characteristics  of  the  residue. 

The  City  uses  the  stockpiled  residue  without  any  stabil- 
izing agent  (such  as  lime  or  cement)  and  has  achieved  very 
satisfactory  density  results  when  placing  the  material  in 
twelve-inch  (30.4  8  cm)  lifts,  grading  the  lifts,  and  then 
rolling  with  a  standard  steel-wheeled  roller. 

A  portion  of  low  lying,  swampy  area  was  filled  with  stock- 
piled incinerator  residue  to  a  thickness  of  between  three  and 
four  feet  (0.9  to  1.3  meters)  and  stabilized  to  allow  for  a 
two-block  extension  of  McDale  Avenue  in  Tampa.   A  haul  road  in 
neighboring  Hillsboro  County  was  stabilized  by  placing  and 
rolling  incinerator  residue  as  subbase.   Two  parking  lots  were 
constructed  over  a  base  of  compacted  incinerator  residue.   After 
placing  and  rolling  the  residue  at  these  projects,  it  was  sealed 
with  tack  coat  material  to  protect  the  base  course  from  dusting. ^^ 

A  research  project  sponsored  by  the  Federal  Highway 
Administration  was  directed  toward  investigating  the  use  of  lime- 
treated  incinerator  residue  in  base  course  construction. 
Patented  lime-treated  incinerator  residue  compositions  known  as 
"Chempac"  (27)  were  studied  by  Soil  Testing  Services  of  Northbrook, 
Illinois.  The  California  bearing  ratio  (CBR)  test  values  obtained 


13 

Mr.  Elliott  Zulver,  City  of  Baltimore,  Department  of  Public 


Works.   Correspondence  dated  December  3,  1974. 

lMr.  Norman  Conatty,  Director,  San 
Florida.   Personal  communication. 


14Mr.  Norman  Conatty,  Director,  Sanitation  Department,  Tampa, 
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for  these  compositions  ranged  from  62  to  111,  which  compare 
favorably  with  published  CBR  values  for  gravel  and  crushed  stone 
base  materials. 

An  experimental  installation  of  lime-treated  incinerator 
residue  was  placed  during  October  of  1974  as  the  base  course 
of  a  parking  lot  (30  ft.  by  150  ft.  or  9.1  meters  by  45.7 
meters) ,  together  with  an  access  road  and  a  gasoline  pump 
island,  for  the  Bell  Edison  Company  in  Chicago,  Illinois. 
The  incinerator  residue  used  in  this  installation  was 
obtained  from  a  privately  owned  incinerator  at  38th  and 
Laramie  Streets  in  Chicago,  Illinois.   The  base  course 
composition  contained  8  percent  by  weight  of  waste  calcium 
oxide,  a  by-product  in  the  manufacture  of  lime.^^ 

Another  federally-sponsored  research  program  using 
incinerator  residue  was  conducted  in  cooperation  with  Texas 
Transportation  Institute.   An  experimental  black  base  material 
(termed  Litter-crete)  was  developed  in  this  program.   The 
incinerator  residue  evaluated  in  this  research  was  trommeled 
through  a  1-inch  (25.4  mm)  screen  and  mixed  with  9.5  percent 
asphalt  (AC-20)  and  2.0  percent  hydrated  lime.   Test  results 
confirm  that  this  mixture  meets  or  exceeds  the  Marshall  design 
criteria  for  stability  and  flow  of  bituminous  mixes. 

A  test  section  of  this  experimental  black  base  material 
was  placed  on  approximately  200  feet  (60.9  meters)  of  a  four- 
lane  access  road  portion  of  Dingle  Road  in  Houston,  Texas, 
during  July,  1974.   Wet  residue  frcm  the  Holmes  Road  municipal 
incinerator  was  initially  pre-treated  with  lime  and  water  by 
means  of  a  lime  slurry  treatment.   The  material  was  spread 
out,  dried,  and  mixed  the  following  day  with  asphalt  in  a 
200  ton  per  day  asphalt  plant.   After  mixing ,  the  material  was 
placed  on  the  subgrade  in  two  3-inch  (7.62  cm)  lifts,  for  a 
total  compacted  thickness  of  6  inches  (15.24  cm).   The  base 
course  appears  to  be  functioning  satisfactorily  at  the 
present  time  (30). 

As  noted  earlier,  a  patent  has  been  granted  to  Mr.  Edward 
Walter  for  asphalt  pavement  mixtures  utilizing  municipal  incin- 
erator residue  as  the  principal  component  (6  8).  These  mixtures 
are  intended  for  use  primarily  as  road  base  material.   The 
incinerator  residue  must  have  a  maximum  particle  size  of 
2  inches  and  a  maximum  loss  on  ignition  (LCI)  of  15  percent. 


15 

Mr.  John  Gnaedinger,  President,  Soil  Testing  Services,  North- 

brook,  Illinois.   Correspondence  dated  September  11,  1974. 
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The  ferrous  metal  content  of  the  residue  must  not  exceed  5 
percent  by  weight  and  preferably  be  no  more  than  2  percent 
by  weight.   The  mixtures  generally  contain  from  5  to  8 
percent  by  weight  of  asphalt,  0  to  3-3/4  percent  by  weight 
of  lime,  and,  optionally,  mineral  aggregate. 

Laboratory  testing  was  performed  by  the  City  of  Baltimore, 
on  treated  incinerator  residues  from  Baltimore,  Maryland; 
Alexandria,  Virginia;  and  Tonawanda,  New  York.   A  variety 
of  asphalt  mixtures  were  designed  and  molded  in  the  labora- 
tory.  Most  of  these  mixtures  involved  the  combination  of 
50  percent  incinerator  residue  with  sand  and  crushed  stone 
in  varying  proportions  with  the  addition  of  approximately 
2.5  percent  commercial  hydrated  lime.   It  was  generally 
found  that  Marshall  stability,  flow,  and  voids  criteria  were 
satisfied  using  mixes  with  5.5  to  6.5  percent  by  weight  of 
asphalt  and  from  40  to  55  percent  by  weight  of  treated 
incinerator  residue.   As  the  amount  of  incinerator  residue 
in  the  mixes  was  increased,  a  greater  percentage  of  asphalt 
was  required  to  coat  the  particles  and  achieve  stability  (69). 

A  test  section  using  10  tons  (9  tonnes)  of  a  base  course 
mixture  containing  incinerator  residue  was  installed  on  July 
12,  1972,  at  a  bus  stop  location  along  Harford  Road  in  Baltimore, 
Maryland.   The  incinerator  residue  in  the  mix  comprised  50 
percent  by  weight  of  the  total  mix  and  was  taken  from  a 
batch-type  incinerator  in  Baltimore  and  subjected  to  particle 
sizing  to  remove  particles  larger  than  1  inch  (25.4  mm)  in 
diameter.   The  residue  was  combined  with  20  percent  sand,  10 
percent  No.  10  stone,  17.5  percent  No.  4  stone,  2.5  percent 
lime,  together  with  6.5  percent  asphalt  by  weight  of  aggregate. 

The  road  base  material  was  prepared  in  a  conventional 
asphalt  plant.   The  loss  on  ignition  (LOI)  of  the  residue 
was  reduced  from  6.0  percent  to  0.7  percent  in  the  aggregate 
dryer.   The  test  strip  in  the  field  was  installed  with  con- 
ventional paving  equipment.   After  installation,  two  core 
samples  were  taken  and  analyzed.   Test  data  indicate  that 
Marshall  design  criteria  for  stability,  flow,  and  air  voids 
content  are  all  satisfactory.   The  test  section  is  reported 
to  be  performing  acceptably  at  this  time. 16 


16Mr.  C.  Edward  Walter,  President,  Urban  Aggregates,  Inc., 
Baltimore,  Maryland.   Correspondence  dated  May  23,  197  5. 
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5.   SAMPLING  AND  CHARACTERIZATION  OF  INCINERATOR  RESIDUES 

5.1   COLLECTION  OF  INCINERATOR  RESIDUE  SAMPLES 

Incinerator  residues  are  a  heterogeneous  mixture  of 
various  components,  such  as  metals,  glass,  mineral  matter, 
and  unburned  combustibles.   Because  different  incinerators 
employ  different  burning  techniques  and  discharge  methods, 
sampling  procedures  are  extremely  important  in  order  to 
assure  that  a  representative  sample  of  each  type  of  residue 
is  obtained.   Prior  to  the  collection  of  residue  samples  for 
this  study  some  advance  thought  was  given  to  the  approach 
use  in  obtaining  samples.   The  sampling  techniques  used  in 
related  solid  waste  studies  were  carefully  considered  before 
deciding  on  the  method  of  collecting  samples  for  this  work. 

Kaiser,  Zimmer,  and  Kasner  outlined  a  sampling  pro- 
cedure which  involved  collecting  a  sufficient  amount  of 
incinerator  residue  to  fill  a  55-gallon  (208.2  liter)  drum 
each  hour  for  eight  consecutive  hours .   The  eight  drum  samples 
were  then  mixed  in  a  pile,  coned,  and  quartered  until  a 
sample  sufficient  in  size  to  fill  one  55-gallon  (208.2  liter) 
drum  was  obtained  (36) . 

The  U.  S.  Bureau  of  Mines,  in  a  study  of  the  character- 
istics of  incinerator  residues,  initially  obtained  residue 
samples  that  were  1  ton  (0.9  tonne)  or  larger.   However, 
further  study  indicated  that  good  correlation  of  results 
could  be  obtained  for  samples  weighing  approximately  600  pounds 
(272  kilograms).   Where  possible,  residue  samples  were 
obtained  directly  from  the  discharge  chute.   Sampling 
periods  usually  ranged  from  2  to  6  hours.   In  certain 
instances  residue  samples  were  also  obtained  from  stock- 
piles by  filling  55-gallon  (208.2  liter)  drums  with  shovel- 
fuls taken  at  random  (38) . 

A  study  of  the  composition  of  municipal  incinerator 
residues  was  performed  by  Kaiser,  Zeit,  and  McCaffery   (35) . 
In  this  study,  residue,  sif tings,  and  fly  ash  from  a  plant 
at  Oceanside,  New  York,  were  collected  over  a  30  minute  time 
period  in  a  truck  located  at  the  discharge  point.   After 
draining  the  excess  water,  the  total  sample  weighed  5,680 
pounds  (2,579  kilograms).   A  smaller  sample  was  obtained 
in  a  similar  manner  from  a  plant  in  Stamford,  Connecticut. 
These  samples  were  then  analyzed  for  a  classification  of 
their  components. 

Due  to  the  amounts  of  material  required  for  testing  and 
the  time  constraints  inherent  in  this  study,  it  was  decided 
that  residue  sampling  for  this  study  would  be  performed  in 
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a  manner  similar  to  that  employed  by  previous  studies. 
Approximately  2  tons  (1.8  tonnes)  of  each  type  of  residue, 
with  a  maximum  particle  size  of  1-1/2  inch  (38.1  mm),  were 
determined  to  be  needed  for  the  testing  program. 

Since  approximately  half  of  the  particle  sizes  are  less 
than  1-1/2  inch  (38.1  mm)  in  diameter,  a  sample  of  from  3  to 
5  tons  (2.7  to  4.5  tonnes)  of  residue  was  obtained  at  each 
sampling  location.   Samples  were  collected  over  relatively 
short  time  periods  (from  30  minutes  up  to  several  hours) 
using  55-gallon  (208.2  liter)  drums.   Incinerator  plants  were 
selected  for  residue  sampling  because  of  their  general  proxim- 
ity to  the  Philadelphia,  Pennsylvania  metropolitan  area  and 
because  their  plant  designs  were  consistent  with  those  pro- 
ducing specific  residue  types.   Superintendents  from  each  plant 
were  notified  prior  to  sampling  to  assure  that  samples  were 
obtained  during  periods  of  normal  operation.   Figure  4  typifies 
the  sampling  of  incinerator  residue  from  a  stockpile. 

Table  4  presents  a  summary  of  the  sampling  of  incinera- 
tor residues  for  this  study  in  terms  of  dates,  locations, 
quantities,  and  types  of  residue  sampled.   Initial  sampling 
was  made  in  order  to  obtain  sufficient  quantities  for 
characterization  and  physical  testing.   During  the  course  of 
the  study,  when  more  material  was  needed  for  certain  phases 
of  the  testing  program,  additional  samples  were  obtained. 
The  following  paragraphs  will  fully  explain  the  overall 
scope  of  the  sampling  program. 

Type  1  residue  was  initially  obtained  at  the  Delaware 
County  rotary  kiln  plant  in  Chester  Township,  Pennsylvania 
on  Thursday,  August  28,  1974.   On  that  day,  the  furnace 
temperature  varied  between  1700°  and  1900°F.  (927°  and  1038°C) . 
However,  the  feed  rate  in  the  kiln  appeared  to  be  too  fast, 
as  evidenced  by  a  two-foot  bed  of  residue  at  the  discharge 
end  of  the  kiln.   Therefore,  the  burn-out  was  not  as  efficient 
as  would  be  expected.   The  residue  was  passed  through  a  1-1/4 
inch  (31.75  mm)  rotary  trommel  screen  after  quenching  in  order 
to  remove  the  oversize  material.   A  portion  of  this  sample  is 
shown  in  Figure  5 . 

Because  of  the  questionable  degree  of  burn-out  from  the 
original  sample ,  a  second  sample  of  the  same  material  was 
obtained  on  October  31,  1975.   At  that  time  the  furnace 
temperature  was  maintained  as  close  as  possible  to  1900 °F. 
(1038 °C)  and  attempts  were  also  made  to  exercise  more  control 
over  the  feed  rate.   The  material  from  the  second  sample  was 
not  trommeled,  but  was  hauled  by  truck  from  the  discharge 
chute  to  a  disposal  area,  where  it  was  stockpiled,  passed 
through  a  1-1/2  inch  (38.1  mm)  portable  screen,  and  shoveled 
into  55-gallon  (208.2  liter)  drums. 
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Figure  4.   Sampling  of  incinerator  residue, 
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Figure  5.   Sample  of  Type  1  residue. 
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A  third   sample   of  Type    1   residue  was   shipped   from  the 
Tampa  rotary  kiln   incinerator  plant  during  August,    1975. 
Approximately   1,000  pounds    (454   kilograms)    of   this  material 
were  received  in  30  gallon   (113.6  liter)  drum  containers. 

Type  2  residue  was  obtained  from  a  reciprocating  grate 
steam-generating  incinerator  in  Harrisburg,  Pennsylvania. 
Initial  sampling  of  the  material  was  accomplished  during  late 
October,  197  4.   Because  the  truck  with  sampling  drums  did  not 
have  sufficient  clearance  to  pull  under  the  discharge  chute  at 
the  plant,  the  residue  was  sampled  from  a  stockpile  that  was 
one  to  three  days  old,  using  a  front  end  loader.   Figure  6 
shows  a  sample  of  this  material. 

A  magnetic  separator  was  used  to  remove  the  coarser 
magnetic  fraction  from  the  residue  prior  to  discharge. 
During  sampling  the  plant  was  well  operated  with  temperatures 
consistently  maintained  between  1700°  and  1800°F.  (927°  and 
982°C.) .   An  additional  1,000  pounds  (454  kilograms)  of 
residue  was  obtained  for  further  testing  from  a  stockpile  at 
the  Harrisburg  plant  during  October,  1975. 

The  Northwest  Philadelphia  traveling  grate  incinerator 
plant  was  selected  for  the  sampling  of  Type  3  residue.   In- 
itial sampling  was  conducted  on  October  3,  1974.   Because  of 
union  labor  agreements,  it  was  not  possible  to  sample  the 
residue  directly  from  the  discharge  chute.   Instead,  freshly 
dumped  residue  was  loaded  from  a  nearby  stockpile  into  55 
gallon  (208.2  liter)  drums  with  a  front  end  loader.   A  typical 
sample  of  Type  3  residue  is  shown  in  Figure  7. 

While  at  this  plant,  it  was  noted  that  a  crane-mounted 
electromagnet  was  being  used  to  separate  magnetic  material 
from  stockpiled  residue.   Since  very  few  incinerator  plants 
currently  provide  for  the  separation  of  metals  from  residue, 
it  was  decided  to  sample  the  magnetically  separated  material 
at  the  site  and  consider  it  Type  5  residue.   Consequently, 
an  equal  amount  (approximately  2  tons  or  1.8  tonnes)  of  Types 
3  and  5  residues  were  initially  sampled  from  the  Northwest 
Philadelphia  incinerator  at  the  time.   Furnace  temperatures 
during  the  sampling  period  ranged  from  1600°  to  1800°F  (871° 
to  982°C.) . 

An  additional  sample  of  Type  3  residue  was  obtained  from 
the  Northwest  Philadelphia  incinerator  plant  during  late 
December,  1974,  in  order  to  provide  sufficient  material  for 
laboratory  testing.   The  second  sample  was  also  obtained 
from  a  stockpile;  however,  the  material  was  not  freshly 
burned  and  appeared  to  have  a  better  burn-out  than  the 
material  sampled  originally.   The  second  sample  contained 
approximately  the  same  amount  of  material  as  the  original 
sample . 
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Figure  6.   Sample  of  Type  2  residue, 
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Figure  7.   Sample  of  Type  3  residue, 
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On  August  28,  1974,  approximately  4  tons  (3.6  tonnes) 
of  incinerator  residue  were  obtained  from  the  discharge  chute 
at  Delaware  County  plant  3  in  Marple  Township,  Pennsylvania. 
This  plant  is  a  continuous  fed  traveling  grate  incinerator 
which  normally  produces  a  Type  3  residue.   Unfortunately, 
a  fire  occurred  in  the  area  the  night  before  the  sample  was 
obtained  and  the  soaked  debris  from  the  fire  comprised  a 
substantial  percentage  of  the  refuse  charge  during  the 
sampling  period.   The  comparatively  low  heat  value  of  this 
charge  caused  furnace  termperatures  to  drop  into  the  600°  to 
800°F.  (315.6°  to  426. 7°C.)  range  at  the  time  the  residue 
sampling  occurred,  which,  of  course,  resulted  in  a  very  poor 
burn-out.   Therefore,  it  was  decided  that  this  sample  was 
more  representative  of  a  Type  4  residue,  as  shown  in  Figure  8. 
Figure  9  shows  a  portion  of  the  Type  5  residue  sample. 

At  the  present  time  there  are  no  municipal-scale  pyro- 
lysis  plants  operating  in  the  United  States.   However ,  the 
City  of  Baltimore  expects  to  operate  a  facility  of  this  type 
sometime  during  1977.   This  facility  is  a  new  1000  ton  per 
day  Landgard  pyrolysis  system,  designed  and  constructed  by 
Mcnsanto  Enviro-Chem  Systems.   There  are  a  few  demonstration 
plants  presently  in  service,  such  as  the  Carborundum  Company's 
Torrax  demonstration  system  in  Orchard  Park,  New  York  (near 
Buffalo)  and  Union  Carbide  Company's  Purox  system  in  South 
Charleston,  West  Virginia.   A  desirable  characteristic  of 
pyrolysis  is  the  high  volume  reduction  of  solid  waste.   In 
general,  pyrolysis  residue  comprises  approximately  5  percent 
by  volume  of  the  incoming  refuse,  about  half  that  of  incinera- 
tion (55)  . 

A  30  gallon  (113.6  liter)  drum  sample  of  the  stock- 
piled residue  from  the  Baltimore  pyrolysis  plant  was  obtained 
from  the  plant  during  October  1975  while  initial  check-out 
operations  were  being  conducted  at  the  plant.   This  so-called 
"glassy  aggregate"  residue  was  subjected  to  magnetic  separa- 
tion and  was  washed  to  remove  char  prior  to  disposal .   Although 
more  material  was  needed  later  in  the  study,  none  was  avail- 
able because  all  check-out  operations  were  discontinued 
and  the  residue  was  removed  from  the  site.   This  was 
done  in  order  to  make  adjustments  to  the  emission 
control  equipment  at  the  plant.17   Therefore,  a  limited 
amount  of  laboratory  testing  was  performed  using  this  source 
of  residue. 


17Mr.  Elliot  Zulver,  City  of  Baltimore,  Department  of  Public 
Works,  Baltimore,  Maryland.   Personal  communication. 
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Figure  8.   Sample  of  Type  4  residue, 
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Figure  9.   Sample  of  Type  5  residue 
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Because  of  the  limited  amount  of  pyrolysis  residue 
obtained  at  Baltimore,  arrangements  were  made  with  the 
Union  Carbide  Company  to  ship  a  55  gallon  (208.2  liter)  drum 
sample  of  slag  residue  from  their  200  ton  (180  tonnes)  per  day 
Purox  pyrolysis  operation  in  South  Charleston,  West  Virginia. 
This  sample  was  received  at  Valley  Forge  Laboratories  in 
September,  1975.   The  material  was  incorporated  into  the  test 
program  on  a  small  scale  and  its  performance  as  an  aggregate 
in  bituminous  mixtures  was  compared  with  that  of  the  Langard 
pyrolysis  residue.   Figure  10  shows  a  portion  of  the  Purox 
residue,  which  is  very  similar  in  appearance  to  the  Langard 
residue . 

5.2   PHYSICAL  COMPOSITION  OF  INCINERATOR  RESIDUES 

5.2.1.   Findings  of  Previous  Studies 

The  first  comprehensive  investigation  of  the  physical 
composition  of  municipal  incinerator  residues  was  conducted 
in  1968  by  Kenahan,  et  al ,  of  the  U.  S.  Bureau  of  Mines  (38). 
In  that  study  residue  samples  were  obtained  from  a  rotary 
kiln  furnace  and  a  variety  of  grate-type  furnaces  which  were 
operating  at  that  time  in  the  Washington,  D.  C.  area.   The 
samples  were  processed  and  separated  into  compositional 
categories  by  several  methods.   The  average  composition  of 
municipal  incinerator  residue,  as  determined  from  the  U.S. 
Bureau  of  Mines  study,  is  shown  in  Figure  11. 

Kaiser,  Zeit  and  McCaffery  (35)  performed  analyses 
of  incinerator  residue  samples  from  Oceanside,  New  York  and 
Stamford,  Connecticut.   The  findings  of  these  analyses  are 
quite  similar  to  the  average  composition  figures  developed 
by  the  Bureau  of  Mines.   The  results  of  these  studies  are 
compared  in  Table  5 .   The  information  presented  in  this 
table  was  used  as  a  point  of  reference  with  which  to  compare 
the  findings  of  physical  characterization  tests  performed  in 
this  study. 

5.2.2   Physical  Characterization  Studies 

The  physical  characterization  of  incinerator  residues 
involved  determining  the  moisture  content,  gradation,  and  unit 
weight  of  representative  samples  of  each  basic  residue  type 
and  identifying  the  principal  components  in  each  sieve 
fraction.   A  20  to  30  pound  (9.08  to  13.62  kilogram)  sample 
of  each  residue  type  (except  for  Type  6)  was  taken  by 
sample  splitter  from  representative  drum  samples  of  the  "as 
received"  material  and  used  in  the  characterization  work. 
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Figure  10.   Sample  of  Type  6  (pyrolysis)  residue, 
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METAL 
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Figure  11.   Composition  of  Municipal  Incinerator  Residue  as 
Determined  from  the  U.  S.  Bureau  of  Mines  Studv. 
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Table  5.   Comparison  of  Incinerator  Residue 
Compositions  from  Previous  Studies 


Component 

U.S.  Bureau 
of  Mines3 

Oceanside , 
New  York 

Stamford, 
Conn . 

Metals1 

29. 55 

27.2 

23.6 

Glass 

44.1 

46.1 

36.6 

Mineral  matter ^ 

17.4 

24.1 

36.0 

Combustible  and 
organic  matter 

9.0 

2.6 

3.8 

100.0 


100.0 


100.0 


■'•Metals  component  includes  ferrous  metals,  non-ferrous  metals, 
and  mill  scale . 

2Mineral  component  includes  sand,  stones,  clinkers,  ash, 
ceramics,  and  filter  cake. 

^Figures  derived  from  U.S.  Bureau  of  Mines  Report  of  Investi- 
gations No.  7204,  "Composition  and  Characteristics  of 
Municipal  Incinerator  Residues,"  1968,  p.  9,  (38). 

^Figures  derived  from  Kaiser,  E.  R.;  Zeit,  C.  D.;  and 

McCaffery,  J.B.;  "Municipal  Incinerator  Refuse  and 

Residue,"  1968,  p.  151,  (35). 
5 
Compositions  expressed  in  percent  by  weight . 
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5.2.2.1.   Natural  Moisture  Content 

Moisture  content  determinations  were  performed  on 
approximately  4  00  gram  samples  of  each  type  residue  in 
accordance  with  the  procedures  of  ASTM  Designation  D2216. 
The  samples  were  dried  in  an  oven  at  105 °C  to  a  constant  weight 
The  findings  of  the  moisture  content  determinations  are  sum- 
marized in  Table  6.   An  average  moisture  content  of  31.6  per- 
cent was  determined  from  the  tests.   The  moisture  content  of 
the  residue  samples  is  a  function  of  the  method  of  quenching 
used  at  the  plant,  the  age  of  the  residue,  and  the  relative 
amount  of  combustible  material  contained  in  the  residue. 

It  should  be  noted  that  residue  Types  1  and  4  were 
sampled  shortly  after  quenching  of  the  material  after  dis- 
charge from  the  incinerator.   Residue  Types  2,  3,  5,  and  6 
were  sampled  from  stockpiles  that  were  a  few  hours  to  several 
days  old.   As  expected,  the  average  moisture  contents  of 
stockpiled  residues  were  found  to  be  significantly  lower  than 
those  of  quenched  samples.   As  shown  in  Table  6,  the  moisture 
content  of  drained  stockpiled  residue  is  approximately  21 
percent.   The  natural  moisture  content  of  Type  6  (pyrolysis) 
residue  was  found  to  be  extremely  low  (0.8  percent)  due  to 
the  fact  that  it  is  essentially  a  glassy  slag  with  little  or 
no  porosity. 

The  data  shown  in  Table  6  shows  a  range  of  average  mois- 
ture content  values  from  17.8  percent  to  45.9  percent  for 
all  residue  types,  with  the  exception  of  Type  6.   The  values 
obtained  from  individual  moisture  content  determinations 
ranged  from  a  low  of  15.0  percent  for  the  Harrisburg  residue 
to  a  high  of  59.8  percent  for  the  rotary  kiln  residue  from 
Chester. 

This  data  compares  fairly  well  with  the  findings  of 
Kenahan,  et  al,  in  which  moisture  content  values  for 
residue  samples  ranged  from  2  4.4  to  39.8  percent,  with  an 
average  of  31.6  percent  (38) . 

5.2.2.2   Particle  Size  Distribution 

The  gradations  of  "as  received"  residue  samples  were 
determined  by  performing  several  sieve  analyses  for  each 
residue  type.   Table  7  indicates  the  various  sieve  fractions 
(or  cuts)  which  were  used  in  these  analyses. 

An  initial  determination  of  particle  size  distribution 
for  each  "as  received"  residue  type  was  made  with  no  size 
control  except  for  the  removal  of  oversize  material,  such  as 
small  appliances,  auto  parts,  large  metal  containers  and 
rags.   This  was  accomplished  by  means  of  a  3  inch  (76.2  mm) 
portable  screen . 
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Table  6 .  Moisture  Content  Values  for  Incinerator  Residues 


Residue 
Type 

1 
2 
3 
4 
5 


Point  of 

Average 
Moisture 

Type  of 

Sampling 

Content 
(Percent) 

Grate 

Discharge  Chute 

42.9 

Rotary  Kiln 

Stockpile 

17.8 

Reciprocating 

Stockpile 

23.8 

Traveling 

Discharge  Chute 

45.9 

Traveling 

Stockpile 

21.6 

Traveling 
(Metal  Recovery) 

Stockpile 

0.8 

Pyrolysis 

NOTE:     The  average  of  all  moisture  content  values  (except 
for  Type  6  residue)  is  31.6  percent.   However,  the 
average  moisture  content  of  the  stockpiled  residues 
(except  for  Type  6  residue)  is  21.1  percent. 
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Table  7 .   Sieve  Fractions  Used  in  Residue  Gradation  Analysis 

Size  Sieve 

Fraction       Cut  Passing  Retained 

Coarse         1  3"  (76.2  mm)  1"  (25.4  mm) 

2  1"  (25.4  mm)  1/2"  (12.7  mm) 

3  1/2"  (12.7  mm)  1/4"  (6.35  mm) 

4  1/4"  (6.35  mm)  #10  (2.00  mm) 
Fine            5  #10  (2.00  mm)  #40  (0.420  mm) 

6  #40  (0.420  mm)  #200  (0.074  mm) 

7  #200  (0.074  mm) 
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The  findings  of  the  "as  received"  particle  size  inves- 
tigation are  presented  in  Table  8.   This  data  indicates  that 
the  "as  received"  incinerator  residues  sampled  in  this  study 
are  essentially  well  graded  materials  with  particle  sizes 
ranging  from  3  inches  (76.2  mm)  down  to  a  nominal  amount 
passing  200  mesh  (0.074  mm).  *  The  "as  received"  gradations 
are  shown  in  Figure  12.   This  figure  clearly  indicates  a 
basic  similarity  in  the  particle  size  distribution  of  the 
grate-type  residues.   There  is  also  a  similarity  between 
the  rotary  kiln  residue  and  the  pyrolysis  residue.   However, 
it  must  be  remembered  that  the  initial  sample  of  rotary  kiln 
residue  was  passed  through  a  1-1/4  inch  (31.75  mm)  rotary 
trommel  screen  so  that,  in  effect,  the  top  size  of  the 
material  was  limited  to  approximately  1  inch  (25.4  mm).   The 
Type  6  residue  from  the  Baltimore  plant  is  a  slag  by-product 
which  is  normally  graded  from  a  top  size  of  approximately 
1/2  inch  (12.7  mm) . 

Before  proceeding  with  the  full-scale  laboratory 
evaluation  of  incinerator  residues,  it  was  decided  that  a 
particle  size  of  1-1/2  inches  (38.1  mm)  would  be  the  upper 
limit  for  all  material  used  in  base  course  formulation.   A 
particle  size  of  1/2  inch  (12.7  mm)  was  established  as  the 
upper  limit  for  all  material  used  in  bituminous  wearing 
surface  mixes.   Therefore,  further  tests  were  performed  only 
with  materials  which  were  graded  to  conform  to  these  size 
limitations. 

All  "as  received"  residues  were  passed  through  a  1-1/2 
inch  (38.1  mm)  screen  prior  to  testing.   Several  sieve  anal- 
yses were  performed  for  each  type  of  residue.   The  results 
of  these  sieve  analyses  are,  for  the  most  part,  comparable 
for  each  residue  type,  despite  the  essential  variability  of 
these  materials.   For  ease  of  comparison,  average  values  of 
the  sieve  analyses  were  determined  for  each  residue  type. 

Table  9  summarizes  the  "average"  gradation  of  each  type 
of  residue.  Figure  13  shows  the  "average"  gradations  for 
residues  with  a  top  size  of  1-1/2  inches  (38.1  mm).   This 
figure  also  indicates  that  the  "average"  gradations  of  grate- 
type  incinerators  are  comparable,  as  are  the  "average"  gra- 
dations of  trommeled  rotary  kiln  and  pyrolysis  residues. 

In  order  to  illustrate  the  similarity  in  gradation 
between  separate  samples  of  the  same  residue  type,  a  visual 
comparison  of  these  gradations  is  also  presented.   Figure  14 
illustrates  the  gradations  of  rotary  kiln  residue  samples  from 
Chester,  Pennsylvania  and  Tampa,  Florida.   The  two  samples 
from  the  Chester  incinerator  are  quite  similar  in  gradation 
despite  the  fact  that  the  first  sample  was  trommeled,  while 
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the  second  sample  was  passed  through  a  1-1/2  inch  (38.1  mm) 
screen  after  disposal.   However,  the  sample  from  the  Tampa 
incinerator  possesses  a  somewhat  higher  percentage  of  fine 
particle  sizes. 

Figure  15  shows  the  results  of  three  separate  sieve 
analyses  performed  on  the  Type  2  residue  from  the  Harrisburg 
incinerator.   Material  from  both  samplings  of  this  residue 
was  tested.   The  results  of  these  tests  indicate  a  very  close 
similarity  in  particle  size  distribution  for  all  three 
analyses  of  this  residue.   This  residue  meets  the  gradation 
requirements  of  the  Pennsylvania  Department  of  Transportation 
(PennDOT)  for  use  in  bituminous  concrete  base  course  mixtures, 
as  summarized  in  Table  10  and  shown  in  Figure  15. 

The  Type  3  residue  also  exhibits  close  similarities  in 
gradation,  as  shown  in  Figure  16.   This  residue  also  meets  the 
gradation  requirements  for  aggregate -bituminous  base  course. 
There  is,  however,  more  of  a  disparity  in  the  gradations  of 
different  samples  of  Type  4  residue,  as  shown  in  Figure  17. 
One  specimen  satisfies  bituminous  concrete  base  course 
gradation  requirements,  while  the  other  specimen  is  generally 
too  fine-grained.   This  difference  in  particle  size  distribu- 
tion between  different  samples  is  attributable  to  the  hetero- 
geneous nature  of  this  residue,  particularly  the  varying 
amount  of  combustible  material . 

Figure  18  shows  the  gradations  of  different  samples  of 
Type  5  residue.   Although  these  samples  are  all  similarly 
graded,  it  is  obvious  that  this  type  of  residue  is  only 
marginally  acceptable  for  use  in  bituminous  concrete  base 
course  construction . 

The  gradation  characteristics  of  the  pyrolysis  residue 
samples  from  Baltimore  and  South  Charleston  are  shown  and 
compared  with  PennDOT  gradation  requirements  for  ID-2A 
bituminous  wearing  surface  mixtures  in  Figure  19.   There  is 
a  very  close  similarity  in  the  particle  size  distribution 
of  these  two  materials,  despite  the  fact  that  they  are  waste 
materials  from  different  pyrolysis  processes. 

However ,  when  compared  to  the  PennDOT  gradation  require- 
ments listed  in  Table  11  for  ID-2A  bituminous  wearing  surface 
mixtures,  neither  material  is  acceptable  without  blending 
with  other  aggregates.   This  is  because  both  materials  are 
uniformly  graded  with  a  majority  of  particle  sizes  between  the 
4  mesh  and  the  40  mesh  sieves. 


-  72  - 


E 
E 

col                   HBUhim 

■*     H                       biiiiLifc 

||||iiiiL               pSIII 

cm                                   ^m   1  i  IBIH  ■  I  mmBBmmk 

mmmU  ®w<  ftiJ 

a>                                                    ""^Hl                     ...            '      ||||k, 

10                                                    "Af  mSj*                      fat* 

d                                                       ""B"!  "SiNJ^if     IP  In! 

tf>                                                                                     'Hi  PI  111!  iiififfliiSp  ill  I1 1  ilk 

s                            \  njKi i»k- 

2  cm                                              1 ! IIHUttij  k 

cm                                                            vi       9H  1  l 

O                                                                                                                                                                         Vl     ''lllll 

20        0.8 

50    0.4 

be* 

2                                                                     1  [IT; 
§ jjfl 

d                                                           TI 

, ........_ __....  Jl. 

o                 —                  — 

d 

*■ 

CO 

cu 

3 

^_^ 

CM 

■a 

<A 

^ 

en 

*•> 

00 

E 

CO 

CM 

— 

CD 

c 

t 

D. 

o 

■- 

£ 

4-" 

8 

*■ 

T3 

TJ 

o 

111 

<n 

cd 

N 

u. 

«/> 

l_ 

a> 

LU 
> 

O 

+-< 

00 

«4- 

CO 

Oi 

o 

111 

c 

CD 

fB- 

o 

L. 

00 

Ol 

Q 

3 

03 

OC 

-Q 

0) 

< 

i_ 

en 

o 

1 

z 

-a 

O 

o 

< 

o 

CM 

H 

CD 
N 

cd 

co 

V) 

(/> 

co 

(A 

QJ 

-Q 

D 

O 

K 

o 

co 

O 

*• 

Q 

Q. 

c 

H- 

c 

o 

cd 

o 

n 

(0 

0} 

OJ 

c/> 

c 

* 

03 

CO 

o 

tr 

CD 

o 

CO 

r- 

If) 

■o 

a> 
■D 

cd 

(0 

O 

3 

-C 

c/) 

O 

'■"^ 

CM 

U_ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

en 

00 

r> 

CO 

in 

<* 

CO 

CM 

ONISSVdlN3DH3d 


-  73 


Table  10.   Pennsylvania  Department  of  Transportation 
Gradation  Requirements  for  Bituminous 
Concrete  Base  Course 


Sieve  Size  Percent  Passing 

2"  (50.8  mm)  100 

1-1/2"  (38.1  mm)  95-100 

3/4"  (19.1  mm)  52-100 

3/8"  (9.52  mm)  36-70 

#8  (2.38  mm)  16-38 

#30  (0.590  mm)  8-24 

#50  (0.297  mm)  6-18 

#100  (0.149  mm)  4-10 
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Table  11.   Pennsylvania  Department  of  Transportation 
Gradation  Requirements  for  ID-2A 
Bituminous  Wearing  Surface  Mixtures 


Sieve  Size 
1/2"  (12.7  mm) 
3/8"  (9.52  mm) 
#4  (4.76  mm) 
#8  (2.38  mm) 
#16  (1.19  mm) 
#30  (0.590  mm) 
#50  (0.297  mm) 
#100  (0.149  mm) 
#200  (0.074  mm) 


Percent  Passing 

100 

80- 

-100 

45- 

-80 

30- 

-60 

20- 

-45 

ID- 

-35 

S' 

-25 

4- 

-14 

3- 

-10 
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In  summary,  a  review  of  the  "as  received"  gradations 
presented  in  Figure  12  indicates  that,  once  the  gross  over- 
size material  has  been  removed,  approximately  70  to  90 
percent  of  all  "as  received"  incinerator  residues  are  finer 
than  1-1/2  inches  (38.1  mm)  in  particle  size.   Therefore, 
it  can  be  concluded  that,  following  gross  size  separation, 
at  least  70  percent  by  weight  of  incinerator  residue  is 
within  the  particle  size  range  for  use  as  highway  construc- 
tion material. 

5.2.2.3  Unit  Weight 

Initial  determinations  of  the  unit  weight  of  "as  received" 
incinerator  residues  were  made  using  a  modification  of  the 
test  method  outlined  in  ASTM  Designation  C29.   In  this  testing 
a  6  inch  (152.4  mm)  diameter  container  was  used,  although  the 
maximum  particle  size  of  the  "as  received"  residues  tested 
was  3  inches  (76.2  mm).   Unit  weight  determinations  were  made 
for  each  sieve  fraction.   Samples  tested  for  unit  weight  were 
first  dried  in  an  oven  at  105°C.  to  constant  weight.   Coarse 
cuts  (1  through  4)  were  compacted  by  rodding,  while  a  combin- 
ation of  rodding  and  tamping  was  used  for  the  finer  cuts 
(5  through  7) .   The  unit  weights  of  the  individual  sieve  frac- 
tions for  each  type  of  "as  received"  incinerator  residue  are 
shown  in  Table  12. 

Generally  speaking,  sieve  cuts  3  through  5  appear  to 
possess  the  highest  relative  unit  weights.   The  type  2  resi- 
due basically  has  the  highest  unit  weight  for  each  sieve 
fraction,  while  the  type  4  or  poorly  burned  material  has  the 
lowest  unit  weight  for  each  sieve  fraction. 

The  unit  weight  of  compacted  "as  received"  incinerator 
residues  was  also  determined.   The  heavier  values  compared  to 
individual  sieve  fractions  reflects  the  filling  of  voids  by 
the  finer  fractions.   The  procedures  employed  were  essentially 
the  same  as  those  described  for  testing  the  individual  sieve 
fractions.   The  upper  limit  of  particle  size  in  this  testing 
was  1-1/2  inches  (38.1  mm).   Table  13  presents  the  results  of 
these  tests. 
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Table  12.   Unit  Weight  of  Individual  Sieve  Fractions  of  "as 
received"  Incinerator  Residues 


Sieve* 
Cut 

1 
2 
3 
4 


Type  1 


1150 
(42.6) 

1100 
(40.7) 

1550 
(57.4) 

1200 
(44.4) 

900 
(33.3) 

900 
(33.3) 


Type  2 

8001 
(29. 7)2 

1650 
(61.1) 

1900 
(70.4) 

1700 
(63.0) 

1600 
(59.3) 

1450 
(53.7) 

1700 
(63.0) 


Type  3 
N.R.3 


1000 
(37.0) 

1600 
(59.3) 

1600 
(59.3) 

1000 
(37.0) 

1000 
(37.0) 

1050 
(38.9) 


Type  4 

350 
(13.0) 

550 
(20.4) 

1150 
(40.0) 

1050 
(38.9) 

950 
(35.2) 

850 
(31.5) 

850 
(31.5) 


Type  5 
N.R. 


1600 
(59.3) 

1800 
(66.7) 

1800 
(66.7) 

1500 
(55.6) 

1400 
(51.9) 

1150 
(40.0) 


Expressed  in  pounds  per  cubic  yard,  dried  at  105 °C. 
2 

Expressed  in  pounds  per  cubic  foot,  dried  at  105 °C. 
3 

N.R.  denotes  information  not  received. 

NOTE:   1  pound  per  cubic  foot  =  16.02  kilograms 
per  cubic  meter . 

*Refer  to  Table  7  for  relationships  of  sieve  cuts  to  particle 
size  ranges. 
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Table  13.   Unit  Weight  of  Compacted  "as  received"  Incinerator 
Residues 

Type  of  Unit 

Residue  Weightl 

1  49.6 

2  80.5 

3  74.8 

4  46.0 

5  68.0 

6  118.4 

^Expressed  in  pounds  per  cubic  foot,  dried  at  105 °C. 
NOTE:   1  pound  per  cubic  foot  =  16.02  kilograms 
per  cubic  meter . 

The  results  of  the  unit  weight  tests  performed  for  com- 
pacted residues  are  relatively  the  same  as  those  performed  on 
the  individual  sieve  fractions  for  types  1  through  5  residues. 
Type  2  residue  has  the  highest  unit  weight,  and  type  4  residue 
has  the  lowest.   It  is  surprising  to  note  the  comparatively 
low  unit  weight  of  the  type  1  (rotary  kiln)  residue,  which 
actually  places  this  material  in  the  category  of  a  lightweight 
aggregate.   The  same  is  true  of  the  type  4  material. 

Since  the  type  3  and  type  5  residues  are  from  the  same 
incinerator  plant,  it  is  not  surprising  that  the  unit  weights 
of  these  materials  are  close.  The  type  5  residue  is  somewhat 
lighter,  reflecting  the  partial  removal  of  ferrous  metal. 
The  unit  weight  of  the  type  6  residue  indicates  that  this  ma- 
terial is  a  dense  graded  fine  slag  comparable  in  density  to  a 
commercial  fine  aggregate . 

5.2.3   Physical  Composition  Studies 

Identification  of  the  physical  components  of  various 
types  of  "as  received"  incinerator  residues  was  performed  on 
the  individual  sieve  fractions  or  cuts,  which  were  identified 
in  the  particle  size  analysis  and  summarized  in  Table  5.   For 
the  coarse  sieve  fractions,  cuts  1  through  4  (sieve  size  in 
Table  7) ,  hand  sorting  was  used  to  identify  the  principle  com- 
ponents, such  as  unburned  combustibles  (fixed  carbon),  glass, 
ferrous  matal,  and  non-ferrous  metals  (principally  aluminum  and 
copper).   The  remaining  components,  such  as  ash,  ceramics,  sand, 
stones,  slag,  and  filter  cake,  were  not  visually  identified  as 
such,  but  were  consolidated  into  a  separate  category  referred 
to  as  miscellaneous  mineral  matter. 
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From  the  standpoint  of  characterizing  a  highway  construc- 
tion material,  the  most  important  components  in  incinerator 
residue  are  the  unburned  combustibles,  glass,  ferrous  metals, 
and  aluminum.   These   components  make  up  a  major  fraction  of 
each  residue  type  and  are  the  most  variable.   Variations  of 
any  of  these  components  will  affect  the  performance  of 
residues  as  aggregate  materials. 

Fcr  particle  sizes  finer  than  10  mesh,  visual  identifi- 
cation of  individual  components  is  quite  difficult,  even  under 
a  microscope,  due  to  the  uniform  color  and  appearance  of  the 
particles  in  the  fine  sizes.   Therefore,  the  composition  of 
the  fine  fraction,  cuts  5  through  7  (sieve  sizes  in  Table  7), 
of  "as  received"  incinerator  residues  was  determined  chemically. 

Air  ignition  in  a  Leco  induction  furnace  was  used  to 
determine  the  carbon  content  in  the  finer  fractions.   The 
carbon  content  thus  obtained  was  used  to  estimate  the  quantity 
of  unburned  combustibles,  assuming  an  average  of  86  percent 
fixed  carbon  in  typical  organic  compounds. 

Glass  content  of  the  fine  cuts  was  estimated  from  the 
silicon  content  obtained  with  gravimetric  chemical  analysis. 
Standard  wet  silicate  analysis  of  the  solution  of  sodium  car- 
bonate fusion  with  sample  material  was  employed.   Since  glass 
is  approximately  70  percent  silica  and  silicon  comprises 
approximately  47  percent  of  silica,  the  percent  silicon  con- 
tent was  converted  to  percent  glass  by  multiplying  the  former 
by  3.062. 

The  iron  content  of  the  fine  sieve  fraction  of  residue 
samples  was  determined  by  volumetric  chemical  analysis  using 
the  Zimmerman -Re  inhardt  method  with  KMnC>4  titration.   The 
iron  identified  in  the  finer  cuts  was  assumed  to  be  iron  oxide. 

Various  chemical  methods  were  used  to  identify  the 
principal  non-ferrous  metal  components  in  the  fine  cuts.   Stan- 
dard gravimetric  analysis  was  used  to  determine  the  total 
aluminum/alumina  in  cuts  5  through  7.   The  alumina  (AI2O3)  in 
glass  and  ceramics  was  essentially  determined  in  this  analysis. 
There  is,  at  present,  no  totally  reliable  method  for  determina- 
tion of  free  aluminum  metal  in  fine  powders,  although  unsuccessful 
attempts  have  been  made  in  the  past  to  develop  such  a  test 
method. 18   However,  it  is  unlikely  that  much  free  aluminum 
metal  is  present  in  cuts  5  through  7,  since  it  would  be 
easily  oxidized. 


18Mr.  E.  J.  McKee,  Chief  Chemist;  Booth,  Garrett  &  Blair,  Inc., 
Analytical  and  Consulting  Chemists,  Ambler,  Pennsylvania. 
Personal  communication. 
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Atomic  absorption  analysis  was  used  to  identify  the 
copper  content  in  the  fine  cuts  of  "as  received"  residue 
samples.   Further  chemical  analysis  of  incinerator  residues 
will  be  described  in  the  final  section  of  this  chapter. 

In  order  to  determine  the  amount  which  a  particular  com- 
ponent comprises  of  the  total  weight  of  each  type  of  residue, 
it  is  necessary  to  know  the  weight  distribution  of  the 
individual  sieve  fractions  of  that  residue.   Table  14  presents 
a  breakdown  of  the  weight  distribution  of  each  type  of  "as 
received"  residue  by  individual  sieve  fraction. 

The  findings  of  the  physical  composition  studies  are 
summarized  for  individual  components  of  each  residue  type 
according  to  sieve  fraction.   The  breakdown  of  each  individ- 
ual component  according  to  sieve  fractions  is  presented  in 
Table  15. 

The  total  amount  that  each  component  comprises  of  any 
residue  type  can  be  obtained  by  multiplying  the  percent 
which  that  component  comprises  of  each  sieve  fraction,  as 
shown  in  Table  15,  by  the  weight  distribution  of  that  sieve 
fraction,  as  shown  in  Table  14,  and  taking  the  sum  total  of 
these  products.   An  example  of  such  a  determination  is  shown 
in  Table  16,  in  which  the  total  amount  of  glass  contained  in 
"as  received"  Type  2  residue  is  computed. 

The  physical  composition  of  the  "as  received"  incinera- 
tor residues  sampled  and  tested  in  this  study  is  presented 
in  Table  17.   This  table  presents  the  findings  of  the  physi- 
cal composition  studies  conducted  on  types  1  through  5 
residues.   This  data  is  shown  graphically  in  Figure  20.   The 
average  of  these  values  is  compared  with  the  average  composi- 
tion of  incinerator  residues  determined  in  the  U.S.  Bureau 
of  Mines  study.   Except  for  the  ferrous  metal  component, 
average  values  from  this  study  compare  favorably  with  cor- 
responding values  from  the  U.S.  Bureau  of  Mines  study. 

The  physical  composition  data  presented  in  Table  17 
appears  to  be  representative  of  the  various  types  of  incin- 
erator residues.   However,  these  materials  do  have  an 
inherent  variability,  which  is  largely  a  function  of  the 
age  and  type  of  incinerator  plant  and  the  manner  in  which 
the  plant  is  operated.   Moreover,  this  data  is  based  on 
20  to  30  pound  (9.08  to  13.62  kilograms)  samples  of  each 
residue  type. 
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Table  16 .   Computation  of  the  Percentage  of  Glass 

contained  in  "as  received"  Type  2  Residue 


1/ 

Cut~ 

(A) 
Weight 
Distribution 
of  Sieve 
Fraction 

(B) 
Percent 
Glass 
in  Sieve 
Fraction 

(A  x  B) 

Percent  of  Total 
Residue  Weight 

1 

.14 

5.0 

.70 

2 

.20 

40.9 

8.18 

3 

.21 

48.7 

10.22 

4 

.21 

40.7 

8.55 

5 

.13 

52.9 

6.88 

6 

.07 

50.6 

3.54 

7 

.04 

40.0 

1.60 

1.00 


39.67 


Total  Percent  Glass  =   39.7% 


1/  Refer  to  Table  7  for  relationship  of  sieve  cuts  to  particle  size  ranges, 
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3%-6% 


Volley  Forge  Lobs  Average 


Figure  20.   Physical  composition  of  "as  received" 
incinerator  residues. 
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Despite  the  close  comparison  with  U.S.  Eureau  of  Mines 
data,  there  are  several  observations  from  the  data  presented 
in  Table  17  which  are  worthy  of  special  mention .   The 
percentage  of  combustible  material  found  in  the  Type  1  sample 
was  surprisingly  higher  than  expected.   The  carbon  content 
of  the  Type  1  residue  was  found  to  be  higher  than  Type  5, 
but  lower  than  Type  3.   This  essentially  confirms  the 
observation  made  during  sampling- of  the  Type  1  residue 
concerning  the  relatively  low  burn-out  of  the  material.   In 
fact,  a  close  visual  inspection  of  the  material  indicates 
the  presence  of  a  sizeable  amount  of  char-like  particles, 
which  is  indicative  of  substantial  carbon  content.   In  con- 
trast, the  Type  2  residue  appeared  very  well  burned,  with 
very  few  char-like  particles,  but  a  considerably  higher 
percentage  of  mineral  matter  than  the  other  residue  types. 

The  glass  concentrations  appear  to  be  distributed  fairly 
equally  throughout  each  residue  type,  with  the  greatest  amounts 
of  glass  found  in  the  coarse  cuts,  as  might  be  expected.   In 
some  cases,  metals  were  found  fused  with  the  glass  particles 
during  hand  sorting.   In  such  cases  the  particles  were 
visually  identified  acccrding  to  the  predominant  material. 

Iron  concentrations  were  found  to  be  the  highest  in 
the  coarsest  size  fractions.   This  is  confirmed  by  the 
relatively  low  iron  content  of  the  Type  1  residue,  which  was 
passed  through  a  rotary  trommel  during  sampling.   Residue 
Types  2  and  5  also  have  somewhat  lower  than  normal  iron 
content  because  of  magnetic  separation  operations  at  the 
respective  plants.   Type  4  residue  exhibits  a  low  iron  content 
only  because  of  its  high  fraction  of  unburned  combustibles. 

The  aluminum  percentages  found  in  the  coarse  cuts 
corresponds  fairly  closely  to  the  levels  normally  expected 
in  incinerator  residues,  i.e.,  from  1  to  2  percent.   There- 
fore, the  percentages  shown  in  Table  13  for  the  fine  cuts  are 
measuring  predominantly  AI9O3  instead  of  aluminum.   This 
probably  accounts  for  the  Higher  than  expected  percentage  of 
non-ferrous  metals  in  these  residue  samples,  compared  to  that 
found  by  the  U.S.  Bureau  of  Mines. 

In  general,  the  copper  levels  are  too  low  to  permit 
meaningful  comments  to  be  made,  except  that  such  levels  can 
be  sensitive  to  sampling  variations.   For  example,  8.7  percent 
copper  was  found  in  the  coarsest  sieve  fraction  of  Type  3 
residue,  due  to  the  presence  of  a  piece  of  copper  piping 
in  the  sample . 

The  mineral  fraction  of  all  residue  types  was  ccmparable, 
with  the  exception  of  the  Type  2  residue,  which  was  from  1.5 
to  3  times  as  high  as  for  the  other  residue  types.   This  high 
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mineral. fraction  was  probably  responsible  in  large  part  for 
the  superior  performance  of  the  Type  2  residue  in  the  labora- 
tory testing  program. 

The  physical  composition  of  Type  6  (pyrolysis)  residues, 
which  are  quite  different  from  incinerator  residues  was 
based  primarily  upon  published  data  describing  the  "glassy 
aggregate"  residue  from  the  Landgard  pyrolysis  system  in 
Baltimore.   This  compositional  data  is  presented  in  Table  18 
and  has  also  been  confirmed  by  the  superintendant  at  the 
Ealtimore  plant.   The  composition  of  this  material  is  probably 
representative  of  typical  pyrolysis  residue,  depending  on 
whether  or  not  ferrous  recovery  is  practiced  at  the  individual 
plant.   Figure  21  shows  the  composition  of  the  Landgard 
pyrolysis  residue  in  graphical  form,  indicating  the  glassy 
nature  of  this  material. 

To  assist  the  reader  in  visualizing  the  composition  of 
incinerator  residues  more  easily,  Figure  22  shows  the  five 
principal  components  of  incinerator  residue  in  a  separated 
form,  as  obtained  frcm  a  wash  sieve  analysis  of  a  type  3 
residue.   Ey  visually  examining  these  components  and  compar- 
ing them  with  the  composition  data  of  the  residues  from 
Table  17,  it  is  readily  apparent  that  inherent  variations 
in  composition  and  normal  weight  and  volume  relationships  do 
exist  for  these  materials. 

Figure  23  shows  a  typical  dried  incinerator  residue 
sample  split  into  its  individual  size  fractions,  in  accord- 
ance with  the  sieve  fractions  presented  in  Table  7.   This 
figure  illustrates  the  variation  in  composition  of  the 
individual  sieve  fractions  of  incinerator  residue.   Because 
of  comparatively  large  differences  between  densities  of  the 
components,  as  well  as  differences  in  the  composition  of 
each  sieve  fraction,  weight -volume  relationships  of  dif- 
ferent size  fractions  of  incinerator  residues  vary  widely. 
The  departure  from  normally  expected  weight-volume  relation- 
ships has  considerable  effect  in  the  design  of  bituminous 
mixtures . 

5.3   CHEMICAL  COMPOSITION  OF  INCINERATOR  RESIDUES 

5.3.1   Findings  of  Previous  Studies 

Previous  studies  have  identified  the  chemical  composition 
of  incinerator  residues.   The  composition  of  the  residues,  as 
stated  previously,  is  dependent  upon  the  compositon  of  the 
incoming  refuse,  which  fluctuates  according  to  source  and 
season,  and  the  degree  of  burn-out  at  the  incinerator  plant. 
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Table  18.   Physical  Composition  of 

Landgard  Pyrolysis  Residue! 


Component  Percent  by  Weight  ^ 
Glass  65 

Rock  and  Miscellaneous  28 

Ferrous  Metal  3 

Non-Ferrous  Metal  2 

Carbon  2 


100 


Material  referred  to  as  "glassy  aggregate." 

^Percentage  figures  derived  from  U.S.  Environmental  Protection 
Agency  Report  No.  EPA/530/SW-75d.i. ,  "Baltimore  Demonstrates 
Gas  Pyrolysis/1  1974,  p.  15. 
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FERROUS  METALS 


NON-FERROUS 
METALS 


COMBUSTIBLES 


Figure  21.   Physical  composition  of  Landgard  pyrolysis  residue. 
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Bortz  and  Pincus  (15) ,  in  their  study  of  high  temperature 
incineration,  have  cited  the  chemical  analyses  of  organic-free 
incinerator  residues  from  three  sources.   These  analyses  are 
summarized  in  Table  19.   Residues  from  high  temperature  fur- 
naces in  Hartford,  Connecticut;  Brockton,  Massachusetts;  and 
Pittsburgh,  Pennsylvania  were  analyzed.   These  analyses  are 
considered  representative  of  well-burned  incinerator  residues 
and  pyrolysis  residues.   Also  included  in  Table  19  is  a 
summary  of  the  analysis  of  organic-free  residue  from  St.  Louis, 
Missouri,  as  reported  by  Doty. 19   An  average  chemical  compo- 
sition, based  on  the  analyses  of  these  four  sources  of  incin- 
erator residue,  is  also  shown  in  Table  19. 

The  principal  component  of  organic-free  residues  is 
silica,  which  comprises  approximately  60  percent  by  weight  of 
the  residue.   Oxides  of  calcium  and  aluminum  comprise  approxi- 
mately 22  percent  by  weight,  with  oxides  of  sodium,  potassium, 
and  iron  accounting  for  another  10  percent.   Magnesium  and 
titanium  oxides  make  up  approximately  4  percent  by  weight  of 
incinerator  residue,  with  the  remaining  4  percent  of  the 
material  consisting  of  sulfates  and  metallic  oxides  of  copper, 
lead,  zinc,  manganese,  phosphorous,  and  other  trace  elements. 

In  addition  to  the  analyses  presented  by  Bortz  and  Pincus, 
chemical  analyses  have  been  documented  by  Lilge  (42) ,  Schoen- 
berger  (58,  59),  and  others.   Gorry  and  Cossais  (28)  have  also 
reported  on  the  chemical  composition  of  French  incinerator 
residue.   These  reported  analyses  are  essentially  in  agreement 
with  the  breakdown  presented  in  Table  19. 

Since  the  chemical  composition  of  incinerator  residue 
has  been  clearly  established  from  previous  studies,  the  pur- 
pose of  the  chemical  analysis  of  incinerator  residue  in  this 
investigation  was  to  identify  those  components  of  residues 
which  are  potentially  detrimental  to  the  environment.   These 
components  consist  of  toxic  chemical  elements  such  as  arsenic, 
cadmium,  lead,  selenium,  and  zinc.   All  of  these  components 
are  detrimental  to  ground  water  supplies,  even  in  small  con- 
centrations.  This  section  of  the  report  will  discuss  the 
presence  of  these  trace  elements  in  incinerator  residues.   A 
chemical  analysis  of  the  leachate  from  highv/ay  mixtures  con- 
taining incinerator  residues  was  also  conducted  in  this  study. 


•^Doty,  W.  J.,  et.  al .   "The  Analysis  of  Refuse  and  Ash  for 
Union  Electric  Company."   Ralston  Purina  Company,  St.  Louis, 
Missouri,  May,  1972. 
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Table  19.   Comparison  of  Chemical  Analyses  of  Carbon-Free 

Incinerator  Residues  from  Previous  Studies,  in 
Percent  by  Weight 

Hartford  Brockton  Pittsburgh  St.  Louis  Average 


SiC>2 

61.9 

62.4 

60 

54.88 

59.8 

A1203 

13.6 

7.6 

8 

9.87 

9.8 

Fe203 

3.7 

5.22 

4 

3.42 

4.0 

Ti02 

— 

0.7 

— 

1.25 

1.0 

CaO 

6.6 

14.2 

17 

9.93 

11.9 

MgO 

2.0 

3.3 

5 

1.66 

3.0 

BaO 

0.2 

— 

— 

— 

— 

ZnO 

1.7 

— 

— 

— 

0.4 

PbO 

0.5 

— 

— 

— 

0.1 

CuO 

0.4 

— 

— 

— 

0.1 

MnO 

— 

0.2 

1 

— 

0.3 

Na20 

9.41 

3.81 

31 

6.19 

6.1 

K20 

— 

— 

— 

1.99 

0.5 

S03 

— 

— 

— 

3.66 

0.9 

P205 

— 

0.7 

— 

1.33 

0.5 

Other 

— — 

1.9 

2 

5.823 

1.6 

100.0  100.0  100.0  100.0  100.0 

Percentage  includes  Na20  and  K20. 

Percentage  expressed  as  FeO. 
3 
Including  2.79  percent  reported  as  ash. 
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5.3.2   Chemical  Analysis  of  Trace  Elements 

The  concentration  of  various  trace  elements  normally 
found  in  incinerator  residues  was  determined  for  types  1 
through  5  residues.   The  solubility  of  these  components  will 
determine  to  a  great  extent  their  potential  for  leaching.   Since 
the  surface  area  and  water  soluble  fraction  of  these  residues  in- 
creases with  decreasing  particle  size,  it  was  decided  that  only 
the  fine  sieve  fractions  (cuts  5  through  7  as  noted  in  Table  7) 
warranted  analysis  from  the  standpoint  of  leachability .   The 
leaching  of  significant  amounts  of  trace  components  from  the 
coarser  fractions  is  unlikely. 

The  presence  of  arsenic  in  the  fine  cuts  was  determined 
by  colorimetric  analysis  of  the  arsine  reaction  with  diethyl- 
dithiocarbonate .   The  presence  of  cadmium,  lead,  selenium, 
and  zinc  was  determined  by  means  of  atomic  absorption  analysis. 

The  alkalinity  of  the  fine  fraction  of  each  type  of 
incinerator  residue  was  also  determined.   Alkalinity  is 
defined  as  the  amount  of  sulfuric  acid  required  to  neutralize 
100  milli-liters  of  water  to  a  pH  of  7  in  contact  with  1.0 
grams  of  sample  for  one  hour  at  100 °C. 

Table  2  0  summarizes  the  results  of  the  chemical  analysis 
of  the  fine  sieve  fractions  of  "as  received"  incinerator 
residues.   The  chemical  analysis  of  the  trace  elements  is 
expressed  in  percent  by  weight.   Alkalinity  values  are 
expressed  as  milli-equivalents  of  H2SC4  per  gram  of  sample. 

With  the  exception  of  the  zinc  component,  the  presence 
of  trace   elements  in  finer  size  fractions  of  incinerator 
residues  is  consistently  low  for  each  residue  type,  especially 
in  the  case  of  arsenic,  cadmium,  and  selenium.   Although  the 
contents  were  basically  the  same  for  each  residue  type,  the 
type  2  material  seemed  to  exhibit  the  highest  percentages, 
notably  of  lead  and  zinc.   In  fact,  the  finest  sieve  frac- 
tion over  2  percent  was  composed  of  zinc. 

Alkalinity  results  show  a  consistently  moderate  amount 
of  alkalinity  for  each  type  of  residue  with  the  higher  values 
evident  in  the  better  burned-out  materials.   A  milli-equivalent 
(m.e.)  of  sulfuric  acid  is  equivalent  to  0.04  grams  of  sodium 
hydroxide.   The  highest  alkalinity  measured  was  0.4  m.e.,  which 
is  equivalent  to  having  1.6  grams  of  sodium  hydroxide  per  100 
grams  of  sample.   This  data  indicates  that  the  fine  sieve 
fractions  (and  probably  the  entire  sample)  of  incinerator 
residues  are  slightly  basic,  which  is  much  more  favorable  from 
a  leachability  standpoint  than  being  acidic. 
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Table  20. 

Chemica 

1  Analysis  of  Fine  Fractions  of 

"as  rec< 

Incinerator  Residues,  in  Percent 

by  Weight 

Sieve 

Component 

Cut 

Type  1  Type  2 

Type  3   Type  4 

Type  5 

Arsenic 

5 

.01 

.007 

.01 

.013 

.01 

6 

.005 

.01 

.006 

.005 

.011 

7 

.011 

.014 

.008 

.007 

.007 

Cadmium 

5 

All 

types 

less  than 

.005% 

6 

All 

types 

less  than 

.005% 

7 

.005 

.01 

.005 

.005 

.005 

Lead 

5 

.19 

.08 

.07 

.01 

.22 

6 

.07 

.16 

.06 

.12 

.11 

7 

.07 

.22 

.13 

.01 

.02 

Selenium 

5 

All 

types 

less  than 

.005% 

6 

All 

types 

less  than 

.005% 

7 

All 

types 

less  than 

.005% 

Zinc 

5 

.55 

.50 

.38 

.15 

.32 

6 

.47 

.96 

.81 

.41 

.49 

7 

.65 

2.18 

.91 

.59 

.72 

Alkalinity 

1    5 

.19 

.22 

.13 

.08 

.12 

6 

.39 

.34 

.14 

.10 

.11 

7 

.34 

.20 

.07 

.06 

.05 

^■Alkalinity  expressed  as  milli-equivalents  of  H2SO4  per  gram 
of  sample. 


Aside  from  the  lead  and  zinc  components,  very  small 
amounts  of  trace  elements  are  found  in  incinerator  residues 
The  leachability  aspects  of  these  residues  will  be  analyzed 
and  discussed  in  Chapter  7  of  this  report. 
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6.   LABORATORY  EVALUATION  OF  INCINERATOR  RESIDUE  AS  AN 
AGGREGATE  IN  BASE  COURSE  COMPOSITIONS 

The  objectives  of  the  laboratory  evaluation  of  base  course 
compositions  were  to: 

1.  Develop  data  on  the  engineering  properties  that 
are  usually  used  to  evaluate  highway  aggregates. 

2.  Study  the  effects  of  additions  of  lime,  portland 
cement,  and  asphalt  to  the  residue  for  use  as  a 
stabilized  base. 

3.  Evaluate  the  residue  as  an  aggregate  in  bituminous 
concrete  binder  courses. 

4.  Determine  the  environmental  effects  of  incorpora- 
ting incinerator  residue  into  paving  mixtures. 

The  eventual  goal  of  the  laboratory  study  was  to  provide 
sufficient  information  to  evaluate  the  feasibility  of  using 
incinerator  residue  as  an  aggregate  in  highway  construction. 
Assuming  that  this  feasibility  was  established,  the  laboratory 
data  were  also  to  be  used  to  select  the  "best"  mixes,  to  pro- 
vide the  basis  for  the  design  and  evaluation  of  field  demin- 
strations,  and  to  enable  mix  design  procedures  and  construc- 
tion procedures  to  be  established . 

Laboratory  testing  was  conducted  in  four  areas: 

1.   Standard  aggregate  tests,  2.   Tests  relevant  to  stabilized 
base  evaluation  using  lime,  portland  cement,  and  asphalt  as 
binder,  3.   Marshall  mix  design  evaluation  of  bituminous 
concrete  binder  courses,  and  4.   Leachate  evaluation  of  stabil- 
ized base  compositions. 

All  of  the  incinerator  residues  used  in  the  program  were 
initially  evaluated  in  the  condition  in  which  they  come  out  of 
the  incinerator  (with  the  exception  that  all  objects  or  mate- 
rials with  a  nominal  size  larger  than  1-1/2  inches  or  38.1  mm 
were  removed  and  in  many  instances  excess  water  was  permitted 
to  drain) .   In  addition,  evaluations  of  the  residues  were  made 
after  they  had  been  processed  in  some  way  that  substantially 
altered  their  "as  received"  condition. 

The  processing,  which  included  crushing  and  the  removal 
of  certain  fractions  such  as  glass,  iron,  and  organic  material, 
was  considered  to  be  pertinent  because  of  the  extreme  interest 
in  resource  recovery  and  the  potential  effect  this  could  have 
on  the  character  of  future  incinerator  residues.   It  was  also 
felt  to  be  useful  to  determine  if  the  performance  of  the  residue 
as  an  aggregate  could  be  improved  by  simple  processing  steps. 
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The  basic  types  of  incinerator  residues  identified  in 
Section  4.2.2  of  this  report  were  all  investigated  for  their 
potential  usefulness  in  base  course  compositions.   Each 
residue  type  was  incorporated  into  the  base  course  mixtures 
as  the  total  aggregates  fraction  and  was  also  blended  with  an 
equal  weight  of  crushed  limestone  aggregate .   The  gradation 
limits  of  the  crushed  limestone,  which  was  used  throughout 
the  base  course  laboratory  evaluation,  are  shown  in  Table  21. 

Table  21.   Pennsylvania  Department  of  Transportation  Gradation 
Requirements  for  2B  Stone,  in  Percent  Passing  by 
Weight 

Sieve  Allowable 

Size  Percent  Passing 

1-1/2"  (38.1  mm)  100 

1"  (25.4  mm)  90-100 

1/2"  (12.7  mm.)  25-60 

#4  (4.76  mm)  0-10 

#8  (2.38  mm)  0-5 


6.1   PROCESSING  OF  RESIDUE 

Several  of  the  residues  were  subjected  to  the  following 
processing  steps: 

1.  Removal  of  ferrous  fraction 

2.  Removal  of  glass  fraction 

3 .  Removal  of  organic  fraction 

4.  Crushing  to  a  1/2  inch  (12.7  mm)  top  particle  size. 

None  of  the  residues  were  subjected  to  combinations  of 
processing  steps;  for  example,  no  residue  had  both  the  glass 
and  ferrous  fractions  removed. 

In  the  selection  of  processing  procedures,  an  attempt 
was  made  tc  use  methods  that  could  be  readily  implemented  in 
municipal  incinerator  plants.  Another  criterion  was  that  the 
removal  of  any  fraction  would  not  significantly  alter  the 
remaining  fractions  of  the  residue. 
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6.1.1  Removal  of  Ferrous  Fraction 

Ferrous  materials  were  extracted  by  passing  the  residue 
through  an  Eriez  magnetic  separator  (15  inch  or  381  mm  diameter 
by  12  inch  or  304.8  mm  Model  HFP  Drum-in-housing).   All  resi- 
dues, except  the  Type  5  (magnetic-free)  residue  and  the  Type 
6  (pyrolysis)  residue,  were  subjected  to  magnetic  separation. 
Large  pieces  of  ferrous  metal  were  easily  removed  by  the  Eriez 
separator.   However,  the  moisture  present  in  the  residue  and  the 
agglomeration  of  particles  made  further  separation  only  par- 
tially effective. 

The  residues  were  manually  fed  over  the  rotating  magnetic 
drum  separator.   In  order  to  insure  as  complete  removal  of  iron 
as  possible,  each  batch  or  residue  was  passed  over  the  separator 
twice.   The  pertinent  data  on  the  results  of  the  magnetic 
separation  are  shown  in  Table  22 .  Also  shown  on  this  table 
are  the  corresponding  figures  for  ferrous  metal  as  determined 
from  the  characterization  studies. 

In  only  one  case,  that  of  Type  1,  did  the  percentage  of 
ferrous  metal  removed  exceed  that  determined  by  the  character- 
ization studies.   It  is  believed  that  water  and  other  residue 
fractions  attached  to  magnetic  particles  account  for  a  portion 
of  the  weight  of  material  removed  magnetically.   No  other 
problems  were  encountered  in  performing  this  phase  of  processing 

6.1.2  Removal  of  Glass  Fraction 

The  removal  of  glass  from  incinerator  residue  is  a  major 
problem.   The  only  process  that  has  been  developed  is  that 
designed  and  built  by  the  U.S.  Bureau  of  Mines  at  their 
College  Park  (Maryland)  Metallurgy  Research  Center.   This 
system  (which  is  designed  to  recover  all  reusable  resources) 
is  described  in  the  Bureau  of  Mines  Technical  Progress  Report, 
"Economics  of  Recycling  Metals  and  Minerals  from  Urban 
Refuse" (66) .   In  this  process,  glass  is  removed,  but  only 
after  considerable  shredding,  magnetic  separation,  and  heavy 
media  separation.   Once  processed  through  this  system,  indi- 
vidual components  cannot  be  recombined  to  approximate  a  glass- 
free  residue. 

Because  of  the  lack  of  a  suitable  mechanical  process, 
glass  was  removed  by  hand.   Since  it  was  difficult  to  identify 
glass  in  the  fine  size  fractions,  it  was  removed  only  on  the 
plus  4  mesh  (4.76  mm)  screen  size  fraction.   This  procedure 
obviously  did  not  meet  the  criterion  of  being  a  "method  that 
could  readily  be  implemented"  in  a  production  operation.   It 
served  only  to  provide  sufficient  material  to  be  used  in  the 
laboratory  investigation.   With  present  technology  the  best 
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Table  22.  Analysis  of  the  Amount  of  Ferrous  Metal  Removed 

from  Incinerator  Residues  by  Magnetic  Separation1 


TYPE  OF  RESIDUE 

Type  1   Type  2   Type  3  Type  4 

Weight  Removed  (1st  Pass)  14. 52     62       26        8 

Weight  Removed  (2nd  Pass)  13        —       14        3 

Total  Weight  Removed      27.5      62       40       11 

Estimated  Weight  of 

Barrel  (Approximately 

95%  Full)  415       625      581      357 

Amount  of  Ferrous  Metal 

Removed  (%  by  Weight)      6.6       9.9      6.9      3.1 

Ferrous  Metal  Content 
from  Characterization 
Study  (%  by  Weight)        3.6      13.0     17.2      8.7 


Magnetic  Separation  accomplished  by  means  of  an  Eriez  Model 
HFP  magnetic  separator. 

^Weight  values  expressed  in  pounds. 

NOTE:   1  pound  =  .4536  kilograms 
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way  to  produce  a  glass  free  incinerator  residue  (without 
removing  other  fractions,  as  well)  would  be  to  keep  it  out  of 
the  refuse  going  into  the  incinerator. 

The  removal  of  the  glass  by  hand  was  a  time-consuming  task. 
Approximately  one  man-month  was  spent  in  obtaining  eighty  pounds 
(36.3  kilograms)  of  glass-free  residue.   Because  of  the  time 
required  to  separate  sufficient  quantities  of  glass-free 
residue  of  all  types,  it  was  decided  to  separate  glass  from 
the  best  performing  as-received  residue,  perform  basic  strength 
tests,  and,  if  significant  improvement  was  observed,  then 
proceed  with  the  other  type  residues.   The  Type  2  or  well- 
burned  out  residue  was  selected  for  this  purpose. 

In  the  majority  of  the  "as  received"  residues,  approxi- 
mately 40  to  50  percent  of  the  particle  sizes  are  finer  than 
a  4  mesh  (4.76  mm)  screen  size  fraction.   In  these  sizes  the 
glass  fraction  was  found  to  be  quite  variable,  depending  on 
the  type  of  residue.   For  the  Type  2  residue,  glass  comprised 
from  40  to  53  percent  of  the  residue  by  weight  in  these  size 
fractions.   However,  in  these  finer  sizes  the  glass  is  quite 
similar  to  a  graded  sand  and  is  not  as  detrimental  to  perfor- 
mance as  the  coarser  glass  particles,  which  are  flat  and 
elongated  with  no  surface  texture . 

6.1.3  Removal  of  Organic  Fraction 

F.emoval  of  organic  fraction  was  performed  on  November  15, 
1975,  at  the  pilot  rotary  kiln  plant  of  the  GATX-Fuller  Company 
of  Catasauqua,  Pennsylvania. 

In  order  to  insure  complete  combustion  of  the  organic 
and  combustible  fractions  of  each  residue,  the  kiln  temperature 
was  maintained  between  1300°  and  1500°F.   Residue  Types  1,  2, 
3  and  4  were  processed  through  the  kiln.   One  55-gallon 
(208.2  liter)  drum  of  each  type,  as  received  from  the  incin- 
erator, was  burned.   Significant  volume  and  weight  reductions 
were  observed  with  each  residue  type,  as  shown  in  Table  23. 

The  material  that  came  out  of  the  Fuller  kiln  was  visibly 
different  from  the  residue  in  its  "as  received"  condition. 
Figure  24  shows  a  sample  of  Type  3  residue  after  burning, 
which  indicates  the  visual  change  in  the  material.   Many  of 
the  glass  particles  were  melted  and  rounded.   Most  of  the  fines 
(minus  200  mesh)  were  blown  off  during  the  burning  process. 
These  differences  in  the  materials  will  be  further  pointed  out 
in  the  discussion  of  aggregate  test  results. 
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Table  23.  Estimated  Volume  and  Weight  Reductions  Caused  by 
Removal  of  Combustibles 


Type  1  Type  2  Type  3  Type  4 

Initial  Volume1  7.33  7.33  7.33  7.33 

Final  Volume  3.74  5.6  4.5  1.9 

Approximate  Volume 

Reduction  (Percent)  50  25  40  75 

Initial  Weight2  436  602  559  344 

Final  Weight2  356  522  464  197 

Approximate  Weight 

Reduction  (Percent)  17  13  17  43 


•'■Volumes  expressed  in  cubic  feet. 
Based  on  Computed  Unit  Weights  and  Observed  Volumes 

NOTE:   1  cubic  foot  =  .0283  cubic  meters 
1  pound  =  .4536  kilograms 
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Figure  24.   Sample  of  Type  3  residue  after 
removal  of  organic  fraction. 
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6.1.4   Crushing 

Crushing  of  the  residue  was  completed  on  June  19,  1975  at 
the  Pennsylvania  Crusher  Company  in  Broomall,  Pennsylvania. 
Residue  samples  were  crushed  to  a  top  size  of  approximately 
1/2  inch  (12.7  mm)  in  a  scaled-down  laboratory  model  hammer- 
mill  with  a  maximum  feed  capacity  of  4  tons   (3.6  tonnes)  per 
hour. 

Residue  Types  2,  3,  4  and  5  were  processed  through  the 
crusher.   Type  1  residue  was  not  crushed  because  trommel 
screening  had  caused  size  reduction.   No  problems  were  encoun- 
tered in  crushing  the  residues.   Two  55-gallon  (208.2  liter) 
drums  of  each  residue  type  were  crushed.   Volume  reductions 
due  to  crushing  ranged  from  30  to  50  percent. 

6.2   AGGREGATE  TESTS 

6.2.1   Description  of  Tests 

The  usual  aggregate  tests  were  performed  on  incinerator 
residue  samples.   These  tests  were  done  to  enable  a  compari- 
son of  the  residues,  using  standard  aggregate  quality  criteria, 
with  conventional  aggregates  that  are  used  in  highway  construc- 
tion.  In  particular,  a  comparison  with  aggregates  normally 
used  in  stabilized  bases  and  bituminous  and  portland  cement 
concrete  was  desired.   Table  24  lists  the  aggregate  tests  that 
were  performed  in  this  study. 

The  full  scale  of  aggregate  tests  was  performed  on  all 
"as  received"  residues,  except  for  Type  6  pyrolysis  residue. 
The  evaluation  of  the  pyrolysis  residue  was  restricted  because 
of  the  limited  quantities  of  the  material  available.   Some 
of  the  processed  residues  were  also  tested.   The  selection  of 
processed  residues  for  testing  was  made  on  the  basis  of  the 
expectation  that  useful  data  would  result. 

As  the  aggregate  tests  were  conducted,  it  was  apparent 
that  there  were  limitations  to  the  applicability  of  standard 
aggregate  test  methods  to  the  evaluation  of  incinerator  resi- 
dues.  These  limitations  will  be  discussed  in  some  detail  in 
Sections  6.2  and  6.3.   However,  it  should  be  mentioned  here 
that  the  limitations  were  the  primary  reason  for  selectivity 
in  the  aggregate  testing  of  processed  residues. 
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Table  24.   Standard  Aggregate  Tests  Performed  on  Incinerator 
Residues 


Designation 
ASTM  C-136 

ASTM  C-131 


ASTM  C-88 

AASHTO  T103-62 
ASTM  C-127 
ASTM  C-128 
ASTM  D-2  041 

ASTM  C-142 

ASTM  C-123 

ASTM  C-40 

ASTM  C-29 
ASTM  C-117 

ASTM  D-2216 


Name  of  Test 

Test  for  Sieve  or  Screen 
Analysis  of  Fine  and 
Coarse  Aggregates 

Resistance  to  Abrasion  of 
Small  Size  Coarse  Aggregate 
by  use  of  the  Los  Angeles 
Machine 

Soundness  of  Aggregates  by 
Use  of  Sodium  Sulfate  or 
Magnesium  Sulfate 

Soundness  of  Aggregates  by 
Freezing  or  Thawing 

Specific  Gravity  &  Absorp- 
tion of  Coarse  Aggregate 

Specific  Gravity  &  Absorp- 
tion of  Fine  Aggregate 

Theoretical  Maximum  Specific 
Gravity  of  Bituminous  Paving 
Mixtures  (Rice  Method) 

Clay  Lumps  and  Friable 
Particles  in  Aggregate 

Lightweight  Pieces  in 
Aggregate 

Organic  Impurities  in  Sands 
for  Concrete 

Unit  Weight  of  Aggregate 

Materials  Finer  Than  No.  200 
Sieve  in  Mineral  Aggregates 
by  Washing 

Natural  Moisture  Content  (in 
accordance  with  Laboratory 
Determination  of  Moisture 
Content  of  Soil) 


Remarks  on 
Suitability  of  Test 

Suitable 


Questionable 


Suitable 


Questionable 


Suitable  with 
Modifications 

Suitable  with 
Modifications 

Suitable  with 
Modifications 


Suitable 


Suitable  with 
Modifications 

Suitable 


Suitable 
Suitable 

Suitable 
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6.2.2   Summary  of  Aggregate  Test  Results 

6.2.2.1  Natural  Moisture  Content 

The  moisture  content  determinations  of  the  incinerator 
residues  "as  received"  are  discussed  in  Section  5.2.2  and 
presented  in  Table  6 .   Despite  the  close  agreement  with  pre- 
viously published  values,  the  distribution  of  moisture  through- 
out a  sample  of  residue  is  subject  to  variation  because  of 
widely  differing  moisture  absorption  properties  of  the 
components . 

6.2.2.2  Particle  Size  Distribution 

Table  25  shows  the  particle  size  distribution  for  all 
residues,  Type  1  through  Type  6.   The  Table  includes  the  size 
distribution  for  the  residue  in  its  "as  received"  condition 
and  also  after  it  was  processed  in  some  manner.   In  order  to 
simplify  the  reporting  of  data,  the  following  symbols  were  used 
to  identify  the  character  of  the  residue.   These  symbols  have 
been  used  throughout  this  report. 

AR  -  As-received  residue 
RM  -  Magnetic-free  residue 
RO  -  Organic-free  residue 
CR  -  Crushed  residue 
RG  -  Glass-free  residue 

Figures  25  through  29  show  the  differences  in  gradation 
which  result  from  the  processing  of  these  residues.   In 
general,  processing  results  in  a  gradation  which  is  finer 
than  the  "as  received"  residue,  particularly  when  crushing 
has  been  performed. 

The  data  shown  in  Table  25  are  also  shown  in  Tables  26, 
27  and  28  so  that  the  processed  residues  can  be  readily  com- 
pared.  Table  26  is  a  comparison  of  the  crushed  residues, 
Table  27  of  the  magnetic-free  residue,  and  Table  28  of  the 
organic-free  residue.   There  is  a  close  similarity  in  the 
gradations  of  the  various  types  following  similar  treatment. 

6.2.2.3  Los  Angeles  Abrasion  and  Sodium  Sulfate  Soundness 
Tests 

The  results  of  these  tests  are  shown  on  Table  29.   Accord- 
ing to  the  test  results,  all  residue  types  appear  to  possess 
acceptable  resistance  to  abrasion.   The  abrasion  loss  increases 
as  the  number  of  spheres  and  weight  of  charge  is  increased. 
Because  of  the  presence  of  the  ash  and  combustible  portions 
of  the  residues,  it  is  believed  that  the  abrasion  values  are 
less  than  expected,  since  these  components  are  not  as  readily 
reduced  by  the  charge . 
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Table  26.  Comparison  of  Sieve  Analyses  for  Crushed  Residues 
in  Percent  Finer  by  Weight 


Sieve  Size 
1/2"  (12.7  mm) 
3/8"  (9.52  mm) 
#4  (4.76  mm) 
#10  (2.00  mm) 
#40  (0.42  mm) 
#200  (.074  mm) 


TYP*  2 

TYPe  3 

Type  4 

Type  5 

100 

100 

100 

100 

83.7 

94.6 

92.6 

98 

76.6 

82.3 

85.3 

94.8 

58.8 

60.7 

71:1 

84.4 

24.6 

24.7 

39.3 

51.0 

9.6 

10.3 

17.9 

22.6 

Table  27.   Comparison  of  Sieve  Analyses  for  Magnetic-Free 
Residues  in  Percent  Finer  by  Weight 


Sieve  Size  Type  1  Type  2  Type  3  Type  4 

1-1/2"  (38.1  mm)  100  100  100  100 

3/4"  (19.1  mm)      99.8  97.6  97.3      99.0 

1/2"  (12.7  mm)      93.7  89.4  87.5      87.3 

3/8"  (9.52  mm)      85.7  77.7  76.5      77.7 

#4  (4.76  mm)        73.1  55.9  55.2      56.7 

#10  (2.00  mm)       47.7  40.1  36.0      27.8 

#40  (0.42  mm)       21.0  23.5  20.5      21.2 

#200  (.074  mm)      10.4  11.5  9.4      10.7 
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Table  28.   Comparison  of  Sieve  Analyses  for  Organic-Free 
Residues  in  Percent  Finer  by  Weight 


Sieve  Size  Type  1  Type  2  Type  3  Type  4 

1-1/2"  (38.1  mm)  100  100 

1"  (25.4  mm)  94.5  100  98.9 

3/4"  (19.1  mm)  100  90.0  98.0  96.1 

1/2"  (12.7  mm)  97.2  70.5  88.5  87.6 

3/8"  (9.52  mm)  94.4  61.0  75.0  74.2 

#4  (4.76  mm)  83.6  35.5  40.4  48.5 

#10  (2.00  mm)  45.6  20.1  21.9  26.2 

#40  (0.42  mm)  7.3  5.2  7.8  7.5 

#200  (.074  mm)  .12  .87  .83  .55 
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The  only  residue  which  passed  the  sodium  sulfate  soundness 
test  was  the  type  1  residue,  although  the  type  2  magnetically 
removed  residue  gave  results  that  were  marginal.   The  poorest 
results  were  obtained  with  type  3  and  4  residues.   No  problems 
were  experienced  in  conducting  this  test. 

6.2.2.4   Remaining  Aggregate  Test  Results 

The  remaining  aggregate  test  results  are  summarized  in 
Table  30.   This  table  includes  results  of  the  following  tests: 

Unit  weight 

Specific  gravity  (apparent) 

Organic  impurities 

Clay  lumps  and  friable  particles 

Lightweight  particles 

Material  finer  than  the  No.  200  sieve. 

Aside  from  the  specific  gravity  determination,  the  re- 
mainder of  the  standard  aggregate  tests  were  performed  in  a 
routine  manner.   There  is,  however,  one  particular  test,  the 
organic  impurities  test,  which  deserves  some  additional  men- 
tion because  it  can  be  used  as  a  rough  indicator  of  potential 
environmental  impact,  as  well  as  possible  engineering  perfor- 
mance in  portland  cement  concrete. 

The  test  itself  is  quite  simple  to  perform.   It  consists 
of  adding  a  3  percent  NaOH  solution  to  a  sample  of  material 
in  a  standard  glass  bottle,  shaking,  and  allowing  it  to  stand 
for  24  hours,  after  which  the  supernatant  liquid  in  the  bottle 
is  compared  to  that  of  a  reference  standard  color  solution. 
If  the  color  of  the  supernatant  liquid  is  darker  than  that 
of  the  reference  standard  color  solution,  the  material  may 
contain  injurious  organic  compounds  and  further  tests  of  the 
material  should  be  made  before  approving  its  use  in  portland 
cement . 

A  comparison  of  the  supernatant  liquids  resulting  from 
the  testing  of  types  1  through  5  "as  received"  residues  is 
shown  in  Figure  30.   In  this  figure,  the  jars  containing  these 
solutions  are  arranged  from  left  to  right  in  the  order  of  type 
1  through  type  5.   The  solutions  from  types  4  and  5  residues 
were  obviously  darker  than  the  reference  standard  color  solu- 
tion and  failed  the  test.   The  color  of  the  solution  from  the 
type  3  residue  was  quite  close  to  the  reference  standard  color 
solution.   The  solutions  from  the  types  1  and  2  residues  were 
much  lighter  than  the  reference  standard  color  solution. 
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Figure  30 . 


Samples  of  organic  test  solutions 
for  incinerator  residues. 


-  123  - 


Although  this  test  by  itself  is  not  used  as  a  criteria  of 
performance,  it  does  identify  the  relative  presence  of  dele- 
terious organic  substances  in  a  sample  of  material  and  does 
provide  an  indication  of  the  need  for  further  testing.   The 
results  of  the  organic  impurities  test  are  a  rough  guide  for 
judging  comparative  performance  as  an  engineering  material, 
but  are  even  more  valuable  as  an  indicator  of  potential 
environmental  impact.   This  aspect  of  the  use  of  incinerator 
residue  for  highway  construction  will  be  discussed  in  section 
7.3  of  this  report. 

6.2.3   Limitations  to  the  Use  of  Aggregate  Tests 

The  results  of  the  aggregate  tests  provided  useful  infor- 
mation on  the  physical  characterisitics  of  incinerator 
residues.   The  results  also  afford  a  means  of  comparison  with 
the  engineering  properties  of  conventional  aggregates.   How-  - 
ever,  conclusions  derived  from  an  analysis  of  these  data  are 
subject  to  certain  limitations. 

The  heterogeneous  nature  of  the  "as  received"  incinerator 
residues  (with  the  possible  exception  of  the  pyrolysis  residue) 
is  the  key  problem  involved  in  the  use  of  aggregate  tests  for 
this  material.   Contributing  to  the  difficulties  is  the  pres- 
ence of  materials  not  normally  found  in  conventional  aggre- 
gates, such  as:   paper,  glass,  garbage,  and  miscellaneous 
pieces  of  wood  and  metal.   These  components,  being  of  widely 
differing  densities,  cause  a  variation  in  the  unit  weight 
of  the  residue  in  different  size  fractions.   The  presence  of 
combustible  materials  also  contributes  to  high  moisture  contents 

The  effect  of  these  factors  on  the  applicability  of 
aggregate  testing  procedures  and  results  will  be  discussed  for 
each  test  method. 

6  2.3.1   Sieve  Analysis,  Los  Angeles  Abrasion,  and 
Sodium  Sulfate  Soundness 

No  significant  problems  were  encountered  with  these 
test  methods  except  for  reproducibility  of  results.   Despite 
the  fact  that  a  careful  selection  of  "representative"  samples 
for  testing  was  made,  the  test  data  that  resulted  from  com- 
parable samples  of  the  same  material  were  not  within  the 
range  of  consistency  normally  expected  of  conventional  mate- 
rials „   Discrepancies  were  also  noted  in  the  sieve  analyses 
where  performed  by  two  separate  laboratories  on  the  same 
residue,  although  repeated  sieve  analyses  generally  provided 
satisfactory  in-house  reproducibility  of  results. 
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6.2.3.2  Specific  Gravity 

Because  of  the  substantial  difference  in  composition 
between  incinerator  residues  and  conventional  aggregates, 
as  well  as  the  absorptive  nature  of  the  residues,  standard 
methods  of  determining  the  specific  gravity  of  incinerator 
residues  were  not  applicable.   Since  specific  gravity  values 
are  most  critical  in  bituminous  mix  design,  a  more  detailed 
discussion  of  this  problem  will  be  made  in  Chapter  7. 

6.2.3.3  Clay  Lumps  and  Friable  Particles 

This  test  was  essentially  a  suitable  one.   Two  problems 
were  encountered.   One  was  caused  by  the  presence  of  unburned 
scraps  of  paper  in  the  residue.   These  are  soft  and  pliable 
and  are  not  easily  broken  up.   As  a  result,  classification  of 
the  material  is  difficult.   The  jagged  pieces  of  glass  and 
metal  in  the  residue  make  it  necessary  to  be  cautious  in 
performing  the  test. 

6.2.3.4  Lightweight  Pieces 

A  saturated  surface  dry  condition  is  required  prior  to 
placing  the  test  sample  into  the  zinc  chloride  solution.   The 
difficulty  of  obtaining  this  saturated  surface  dry  condition 
is  described  in  detail  in  connection  with  the  specific  gravity 
test.   Other  than  this,  the  test  worked  out  well. 

6.3   STABILIZED  BASE  COURSE  TESTS 

6.3.1  Description  of  Test  Methods 

6.3.1.1  Moisture-Density  Relations  of  Soil-Cement 
Mixtures  (ASTM  D55  8) 

The  evaluations  (compressive  strength,  durability,  etc.) 
of  stabilized  base  course  mixtures  were  made  using  specimens 
that  were  prepared  under  carefully  controlled  moisture  and 
density  conditions.   The  moisture-density  relations  as  deter- 
mined by  ASTM  D558  were  used  as  the  basis  for  this  control. 
A  preliminary  program  of  moisture-density  testing  was  pre- 
pared and  is  shown  in  Table  31. 

It  was  apparent  after  several  moisture-density  tests 
were  performed  that  the  usual  relationship  between  moisture 
and  density  did  not  hold  for  incinerator  residues.   Except 
in  rare  cases,  it  was  not  possible  to  derive  a  reliable 
Proctor  curve . 
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Table  31 


Percent  Aggregate 
(by  "weight) 


Preliminary  Program  of 
Moisture-Density  Testing 

Percent  Additives 
~~(by  weight) 


Residue 
100 
96 
90 
96 
90 
50 
48 
45 
48 
45 


Crushed  Stone 


50 
48 
45 
48 

45 


Lime 

4 
10 


Cement 


4 
10 


4 
10 


4 
10 
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A  number  of  different  procedures  were  tried  in  an  attempt 
to  develop  a  rational  method  for  obtaining  an  optimum  moisture 
content  based  on  a  density  criterion.   These  procedures  in- 
cluded the  use  of  separate  samples  for  each  moisture-density 
determination.   It  was  suspected  that  a  good  deal  of  degra- 
dation was  occurring  when  the  same  sample  was  used  throughout 
the  test.   Sieve  analyses  performed  before  and  after  compac- 
tion showed  this  to  be  true.   Table  32  shows  the  results  of 
two  of  these  sieve  analyses.   The  gradation  of  a  sample  of 
Type  1  residue  before  and  after  compaction  is  shown  in 
Figure  31 .   This  figure  illustrates  the  extent  of  particle 
degradation  encountered  in  performing  this  test. 

In  addition  to  the  observed  degradation  of  residue 
particles,  it  is  also  believed  that  absorption  of  water 
in  certain  fractions  of  the  residues  further  added  to  the 
distortion  of  the  moisture-density  data. 

Each  of  the  separate  samples  (approximately  2,000  grams 
each)  was  initially  oven  dried  and  then  placed  in  separate 
plastic  bags.   Amounts  of  water,  corresponding  to  different 
moisture  contents,  were  added  to  the  dried  residue  and  the 
combination  allowed  to  stabilize.   The  time  interval  allowed 
for  the  moisture  content  to  become  uniform  throughout  the  sample 
was  limited  for  those  tests  where  lime  or  cement  had  been  added 
to  the  dried  residue.   The  reason  for  this  was  to  eliminate 
the  possibility  of  any  significant  hydration  of  the  cement 
or  other  chemical  activity  to  take  place  that  would  alter  the 
character  of  the  sample  during  the  course  of  the  test. 

Another  variation  in  test  procedure  was  studied.  In 
one  case  the  additives  were  incorporated  into  the  mixture 
by  hand  and  also  by  use  of  a  Hobart  mixer. 

None  of  these  procedures,  either  by  themselves  or  in 
combination,  gave  consistent  and/or  reproducible  results. 
Some  of  the  observations  made  as  a  result  of  these  studies 
were  as  follows : 

1.  In  some  cases,  the  maximum  dry  density  that  was 
achieved  during  a  test  run  occurred  at  an  unusual- 
ly high  moisture  content.   The  condition  of  the 
sample  at  that  point,  as  noted  by  the  operator, 
was  described  as  "mushy,"  with  water  being  forced 
out  of  the  bottom  of  the  mold. 

2.  Many  of  the  tests  did  not  result  in  the  determin- 
ation of  a  well  defined  optimum  moisture  content. 

3.  In  many  instances  the  variation  in  dry  density  was 
small  over  a  wide  range  of  moisture  contents. 
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4 .  No  trend  could  be  discerned  either  in  optimum 
moisture  content  or  maximum  dry  density  as  a  result 
of  varying  percentages  of  lime  or  cement  in  the 
mixtures. 

5.  Test  results  showed  that  tests  performed  on  the 
residue  alone  or  in  combination  with  lime  and  cement 
were  considerably  more  erratic  than  when  half  residue 
and  half  stone  were  used.   Tests  performed  on  Type 

1  residue  showed  maximum  dry  densities  ranging  from 
77  to  90  pounds  per  cubic  foot  (1.23  to  1.44  grams 
per  cubic  centimeter)  at  moisture  contents  of  20 
to  31  percent.   Those  performed  on  half  Type  1 
residue  and  half  crushed  stone  showed  maximum  dry 
densities  between  104  and  105  pounds  per  cubic  foot 
(1.67  to  1.68  grams  per  cubic  centimeter)  at  moisture 
contents  between  15  and  18  percent.   It  should  be 
emphasized  that,  in  most  instances,  these  results  were 
not  determined  from  a  smooth  curve  but  were  obtained 
from  analysis  of  the  data. 

It  was  concluded  that  it  was  not  possible  to  arrive 
at  an  accurate  moisture  content  based  on  a  maximum 
dry  density  criterion  in  accordance  with  ASTM  D558. 
The  results  could  only  be  used  as  a  guide  to  the 
magnitude  of  the  density  that  could  be  anticipated 
and,  with  the  help  of  the  operator's  observations 
a  moisture  content  could  be  estimated  that  would 
produce  a  specimen  suitable  for  strength  and  dura- 
bility evaluations. 

It  was  further  concluded  that  the  erratic  results 
were  due  largely  to:   1.  degradation  of  various 
fractions  of  the  residue;  2.  the  unequal  absorption 
of  water  by  components  of  the  residue  and  this  water 
not  being  available  to  contribute  to  the  mechanism 
of  dynamic  compaction  and  3 .  the  extreme  variability 
of  residue,  making  it  difficult  to  obtain  identical 
samples  in  repetitive  operations. 

Static  compaction  procedures  were  considered,  but 
it  was  not  felt  that  this  held  much  promise  in 
light  of  the  absorption  and  material  variability 
problems.   It  was  also  felt  that  sufficient 
moisture  content  and  density  information  could 
be  estimated  from  the  moisture-density  data  and 
used  for  quality  control  of  evaluation  specimens. 
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6.3.1.2.   Compressive  Strength  (Lime -Aggregate  and 
Cement-Aggregate  Combinations  Only) 

Preparation  of  Test  Specimens 

All  compressive  strength  tests  were  performed  on  com- 
pacted specimens  having  a  diameter  of  4.0  in.  (101.6  mm) 
and  a  height  of  4.584  in.  (116.43  mm).   The  specimens  were 
compacted  in  three  layers  with  25  blows  per  layer  of  a 
5.5  lb.  (2.4948  kg.)  rammer  dropped  12.0  in.  (304.8  mm).   An 
automatic  compactor  £oiltest  CN  3241)  was  used.   The  surface 
of  each  layer  was  scarified  before  the  next  layer  was  added. 
As  previously  noted,  it  was  not  possible  to  determine  an 
exact  optimum  moisture  content  based  on  a  maximum  density 
criterion.   Molding  moisture  contents  were  estimated  based 
on  results  of  the  moisture-density  tests.   An  important 
factor  in  determining  what  the  molding  moisture  content  should 
be  is  the  observation  and  judgment  of  the  operator  as  to  the 
amount  of  water  that  would  produce  a  we 11 -compacted  sample. 

Curing  of  Test  Samples 

Prior  to  compressive  strength  testing  all  samples  used 
for  the  evaluation  of  stabilized  base  mixtures  were  cured 
as  follows: 

1.  Lime-Aggregate  Mixtures  were  cured  in  sealed  con- 
tainers at  100°F  for  seven  days. 

2.  Cement-Aggregate  Mixtures  were  cured  in  a  moist 
room  (not  in  containers)  at  73°F  for  seven  days. 

Supplementary  evaluations  of  the  effects  of  curing 
temperature  and  duration  of  cure  were  made.   These  will  be 
described  in  Section  6.3.3. 

Mixtures  Tested 

The  compositions  that  were  used  in  the  initial  formula- 
tions for  compression  testing  were: 

Lime- Aggregate  Mixtures 

Lime:  4,  8,  and  10  percent  by  weight 
Aggregate*:   90  to  96  percent  by  weight 

Cement-Aggregate  Mixtures 

Cement:  8,  10  and  12  percent  by  weight 
Aggregate*:   88  to  92  percent  by  weight 
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*Parallel  tests  were  performed  where  in  one  case  the 
aggregate  was  all  incinerator  residue  and  in  the  other  case 
the  aggregate  was  half  incinerator  residue  and  half  crushed 
stone . 

A  limited  amount  of  testing  was  done  with  fly  ash  added 
to  the  mixture.   The  formulation  of  these  mixtures  was  4 
percent  lime,  12  percent  fly  ash  and  84  percent  aggregate. 
The  use  of  all  residue  and  half  residue  and  half  crushed 
stone  as  the  aggregate  was  also  included  in  this  evaluation. 

The  following  materials  were  used  in  the  compositions: 

Incinerator  residues  -  the  residues  are  described 
in  detail  in  Section  5.1. 

Crushed  stone  -  limestone  aggregate  meeting  the 
gradation  requirements  of  Pennsylvania  Type  2B  stone 

Cement  -  commercial  Type  1  port land  cement  manu- 
factured by  Allentown  Portland  Cement  Company. 

Lime  -  commercial  dolomitic  hydrated  lime  manufac- 
tured by  G.  and  W.  H.  Corson,  Inc. 

Fly  Ash  -  obtained  from  the  Eddystone  generating 
station  of  the  Philadelphia  Electric  Company, 
Chester,  Pennsylvania. 

Table  33  shows  the  stabilized  base  mixtures  that  were 
tested  in  the  preliminary  compressive  strength  evaluation. 
Figure  32  shows  typical  stabilized  base  course  specimens 
containing  incinerator  residue  that  were  used  in  the  com- 
pressive strength  evaluation. 

Compression  Testing 

Prior  to  compression  testing  all  specimens  were  capped 
with  a  laboratory  prepared  sulfur  mortar  made  in  accordance 
with  ASTM  standards.   All  specimens  were  submerged  in  water 
for  four  hours  prior  to  testing.   Compression  testing  was 
performed  on  a  Forney  Compression  Testing  Machine  (Model  QC 
150  DR) .   The  compression  machine  is  equipped  with  a  dual 
range:   0-30,000  lbs.  with  50  lb.  graduations  (0-13,608  kg 
with  22.68  kg  graduations)  and  0-300,000  lbs.  with  500  lb. 
graduations  (0-136,080  kg  with  226.8  kg  graduations).   The 
low  range  was  used  for  all  compression  testing.   The  ultimate 
strength,  only,  of  each  specimen  was  recorded.   Three  speci- 
mens were  tested  for  each  mixture  evaluated. 
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Figure  32.   Stabilized  base  course  specimens 
containing  incinerator  residue. 
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6.3.1.3   Freeze-Thaw  Durability  and  Volume  Change 

On  the  basis  of  the  results  of  the  preliminary  evalua- 
tion by  compressive  strength  testing,  stabilized  base  compo- 
sitions with  the  highest  compressive  strengths  for  each 
additive  (lime  or  cement)  were  selected  for  freeze-thaw 
testing  and  volume  change  observations.   These  mixtures  were 
tested  in  accordance  with  freezing  and  thawing  tests  of 
Compacted  Soil-Cement  Mixtures  (ASTM  D56  0)  .   There  were  some 
exceptions  to  this  in  that  the  lime  stabilized  specimens 
were  cured  in  sealed  containers  at  100°F  for  seven  days  prior 
to  freeze  thaw  testing.   Cement  stabilized  specimens  were 
cured  in  the  manner  prescribed  in  ASTM  D560.   Four  specimens 
were  used  for  each  mixture  evaluated  instead  of  two  specimens 
as  required  in  the  method  of  test.   The  mixtures  that  were 
tested  are  shown  in  Table  34 . 

6.3.2   Results  of  Stabilized  Base  Tests 

6.3.2.1  Moisture-Density  Tests 

The  results  of  Moisture-Density  testing  on  Type  1  residue 
are  shown  in  Table  35.   Those  on  Types  2,  4,  and  5  are  shown 
in  Table  36.   It  should  be  pointed  out  that  the  optimum  moist- 
ure contents  and  the  maximum  dry  densities  shown  are  usually 
approximations  and,  in  some  cases,  the  densities  are  the 
ranges  that  were  obtained  during  a  single  test.   In  very  few 
cases  are  they  values  that  are  well  defined  by  the  peak  of 
the  moisture-density  curve. 

In  those  cases  where  the  optimum  moisture  content  appeared 
to  be  in  excess  of  twenty  percent  the  specimens  were  extreme- 
ly wet  and  soft.   During  compaction,  water  was  being  squeezed 
out  of  the  bottom  of  the  mold.   As  noted  on  the  Tables,  four 
methods  of  preparing  the  samples  were  used.   They  were  as 
follows: 

1.  The  same  sample  was  used  throughout  the  test; 
the  residue  was  mixed  with  the  water  and/or  the 
additives  with  a  Lancaster  (1  cubic  foot  capacity) 
mixer . 

2.  A  separate  batch  was  used  for  each  point;  each 
batch  was  machine  mixed . 

3 .  A  separate  batch  was  machine  mixed  for  each 
point;  each  batch  was  placed  in  a  plastic  bag 
and  allowed  to  stand  for  2  hours  before  per- 
forming the  moisture-density  test. 
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Table  34.   Stabilized  Base  Compositions  Tested  for  Freeze-Thaw 
Durability  and  Volume  Change 

Residue  Mixture  Composition  -  Percent  by  Weight 

Type 


Crushed 

Residue 

Stone 

Lime 

Cement 

Fly  Ash 

92 

0 

0 

8 

0 

90 

0 

0 

10 

0 

88 

0 

0 

12 

0 

96 

0 

4 

0 

0 

92 

0 

8 

0 

0 

90 

0 

10 

0 

0 

92 

0 

0 

8 

0 

90 

0 

0 

10 

0 

88 

0 

0 

12 

0 

46 

46 

8 

0 

0 

45 

45 

10 

0 

0 

42 

42 

4 

0 

12 

44 

44 

0 

12 

0 

92 

0 

0 

8 

0 

90 

0 

0 

10 

0 

88 

0 

0 

12 

0 

■'•All  residues  were  in  the  "as  received"  condition.   Maximum 
particle  size  was  passing  3/4  inch  (19.1  mm)  sieve. 
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4.    Same  as  3,  except  that  the  batches  were  mixed 
by  hand . 

6.3.2.2   Compression  Testing  of  Stabilized  Base  Compositions 

Preliminary  Evaluation 

The  results  of  the  preliminary  evaluation  of  the  com- 
pressive strength  of  aggregate-lime,  and  aggregate-cement 
stabilized  base  compositions  are  shown  in  Figures  33  and  34. 
These  figures  show  the  compressive  strengths  obtained  from 
Proctor  size  cylinders  (4  inch  (101.6  mm)  diameter  and  4-1/2 
inches  (114.3  mm)  high)  for  each  residue  type.   Values  are 
shown  for  each  residue  type  when  combined  with  port land  cement 
or  lime  and  when  combined  with  an  equal  weight  of  crushed 
stone  and  portland  cement  or  lime.   Figure  33  also  includes 
the  results  of  compressive  strength  tests  when  twelve  percent 
of  fly  ash  was  added  to  the  lime  stabilized  compositions. 

Evaluation  of  Processed  Residues 

Selected  compositions  were  evaluated  for  compressive 
strength  when  processed  residues  were  used  in  place  of  the 
residue  "as  received"  from  the  incinerator.   The  results 
of  this  testing  are  shown  in  Figures  35,  36,  37,  38  and  39. 
The  results  are  shown  in  comparison  to  the  results  obtained 
when  the  "as  received"  residue  was  used.   Figures  35,  36  and 
39  (b)  are  for  the  lime  stabilized  compositions  and  Figures 
37,  38  and  39(a)  are  for  the  portland  cement  stabilized  bases. 

Other  Compressive  Strength  Evaluations 

A  complete  series  of  compressive  strength  evaluations 
was  attempted  using  the  residues  from  which  the  organic  and 
combustible  materials  had  been  removed.   This  attempt  was 
largely  unsuccessful  because  of  difficulty  in  molding  satis- 
factory samples.   The  results  that  were  obtained  are  shown 
in  Table  37,  together  with  the  compressive  strengths  using 
the  "as  received"  residue. 
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Table  37.   Compressive  Strengths  of  Stabilized  Base 
Compositions  Using  Organic  Free  Residue^ 

Type  1  Type  2_ 

Half  Residue  Half  Residue 

Half  Stone  Half  Stone 

Percent  Cement  by        Percent  Cement  by 
weight  weight 

10      12 


10 

12 

7462 

997 

1533 

1824 

RO-Processed   1218    1566 
AR-As  Received    408     482 

■'■Compressive   strength  values  expressed   in  pounds  per   square 
inch»    A  pound  per  inch  square  equals  70  grams  per  square  centimeter. 

2Average  of  two  cylinders,  all  others  are  averages  of 
three  cylinders. 

6.3.2.3   Freeze-Thaw  Durability  and  Volume  Change 

Table  38  presents  the  results  of  the  freeze-thaw  dura- 
bility and  volume  change  tests  run  on  the  mixtures  listed  in 
Table  34.   The  composition  of  each  mix  is  given,  together 
with  its  molded  moisture  content  and  dry  density.   A  total 
of  four  specimens  were  molded  and  tested  for  each  mix  (two 
for  durability  and  two  for  volume  change) ,  except  for  the 
mixes  noted  as  preliminary  tests.   For  these  tests,  three 
specimens  were  molded  and  tested  for  durability  only. 

The  data  presented  in  Table  38  indicates  that  none  of 
the  lime  stabilized  mixtures  were  able  to  meet  the  require- 
ments of  the  freeze-thaw  durability  test;  i.e.,  maximum 
weight  loss  after  brushing  of  14  percent  after  12  cycles  of 
alternate  freezing  and  thawing.   The  addition  of  12  percent 
by  weight  of  fly  ash  to  one  of  the  type  2  lime  stabilized 
mixtures  resulted  in  a  dramatic  reduction  in  weight  loss 
compared  to  a  similar  mixture  containing  10  percent  by  weight 
of  lime. 

On  the  other  hand,  all  of  the  cement  stabilized  mixtures 
met  the  freeze-thaw  durability  criteria  with  the  exception 
of  the  type  1  residue  mix  with  8  percent  cement,  where  a 
high  percentage  weight  loss  in  one  specimen  caused  the 
average  weight  loss  after  brushing  to  be  in  excess  of  the 
14  percent  maximum  value.   The  other  values  for  the  type  1 
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residue  mixtures  were  less  than  but  fairly  close  to  the  14 
percent  maximum  value.   However,  durability  value  for  the 
type  2  and  type  3  cement  stabilized  mixtures  were  excellent, 
being  for  the  most  part  less  than  2  percent  weight  loss  after 
12  cycles  of  freezing  and  thawing. 

Average  volume  changes  of  between  2  to  3  percent  were 
observed  for  the  stabilized  base  mixtures.   In  most  cases 
the  cement  stabilized  specimens  contracted  while  the  lime 
stabilized  specimens  expanded.   In  one  case  the  volume  change 
of  a  type  3  cement  stabilized  specimen  was  5  percent  higher 
than  the  original  sample . 

6.3.2.4   Special  Stabilized  Base  Course  Investigations 

In  addition  to  the  evaluative  tests  described  previously, 
several  special  investigations  were  also  conducted.   These 
investigations  involved  a  determination  of  the  effects  of 
variable  binder  types  and  curing  conditions  on  the  compres- 
sive strength  development  of  lime  and  cement  stabilized  base 
course  compositions. 

Variation  of  Binder  Types 

The  stabilized  base  course  mixtures  used  in  the  compres- 
sive strength  and  durability  evaluations  were  molded  with 
same  binder  type  (lime  or  cement)  throughout  the  laboratory 
testing  program.   In  order  to  more  fully  evaluate  the  engi- 
neering properties  of  these  compositions,  the  effect  of 
modifying  the  binder  type  was  also  studied. 

In  the  lime  stabilized  mixtures,  calcific  lime  was 
substituted  for  dolomitic  lime.   Since  the  type  2  residue 
mixes  exhibited  the  highest  compressive  strength  values 
with  dolomitic  lime,  the  substitutions  were  made  with  mixes 
in  which  the  type  2  residue  was  blended  with  an  equal  weight 
of  crushed  stone.   A  comparison  of  compressive  strength 
values  for  two  of  these  mixes  is  shown  in  Table  39.   Although 
the  data  is  limited,  indications  are  that  dolomitic  hydrated 
lime  will  provide  higher  strength  development,  at  least  under 
short  term  curing  conditions,  than  high  calcium  or  calcific 
lime . 

The  effect  of  adding  a  pozzolan  (fly  ash)  to  the  lime 
stabilized  mixes  was  also  assessed.   In  all  mixes  studied, 
4  percent  dolomitic  hydrated  lime  was  combined  with  12  per- 
cent fly  ash  and  blended  with  the  aggregate.   These  percen- 
tages approximate  those  currently  employed  in  commercial 
lime-pozzolan-aggregate  base  course  compositions.   Table 
39  also  compares  the  compressive  strength  values  for  residue- 
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aggregate  mixes  using  types  1,  2,  3,  and  6  (pyrolysis) 
residues.   In  all  mixes  studied,  the  pozzolanic  action 
caused  by  the  addition  of  fly  ash  to  the  lime  binder  resulted 
in  improved  strength  development.   Substantial  strength  gains 
were  noted  in  the  type  2  and  type  6  (pyrolysis)  residues, 
which  are  the  materials  with  the  highest  burn-out.   Figure 
33  shows  graphically  the  strength  relationship  between  the 
lime  and  the  lime-fly  ash  base  course  mixtures. 

In  the  cement  stabilized  mixtures,  type  2  (sulfate  resis- 
tant) and  type  3  (high  early  strength)  cements  were  substituted 
for  type  1  (general  purpose)  cement.   Since  the  type  2  residue 
provided  such  high  compressive  strength  results  in  cement 
stabilized  mixtures,  it  was  decided  that  the  use  of  types  1 
and  3  residues  would  provide  a  better  comparison  of  the 
relative  effects  in  strength  development  from'  the  use  of 
different  cement  types.   Three  cement  contents  were  chosen 
for  each  residue  type,  with  no  stone  blended  in  the  mixtures. 

A  comparison  of  compressive  strength  values  for  these 
mixes  is  given  in  Table  39.   In  most  cases,  the  use  of  type 
3  (high  early  strength)  cement  resulted  in  the  highest 
strength  values  after  7  days  of  curing  at  the  ambient  tempera- 
ture.  Although  the  type  2  (sulfate  resistant)  cement  mixes 
had  higher  strength  values  than  the  type  1  mixes  in  a  majority 
of  formulations,  the  differences  in  strength  were,  for  the  most 
part,  comparable.   Therefore,  the  use  of  the  type  3  cement 
in  stabilized  residue  base  course  compositions  would  improve 
the  early  strength  of  the  mixes,  but  no  clear  distinction 
in  strength  development  characteristics  is  evident  between 
the  use  of  type  1  or  type  2  cement. 

Variation  of  Curing  Conditions 

Throughout  the  laboratory  program,  the  curing  of  stabil- 
ized base  course  specimens  for  compressive  strength  or 
durability  evaluation  was  based  on  7  day  curing  conditions, 
in  accordance  with  applicable  specification  requirements.   In 
order  to  obtain  further  information  on  the  strength  develop- 
ment properties  of  these  compositions,  laboratory  tests  were 
also  performed  on  specimens  with  curing  times  of  14  and  2  8 
days  and  with  higher  or  lower  curing  temperatures  than  those 
specified  in  the  methods  of  test. 

Because  of  its  comparatively  higher  strength  values, 
type  2  residue  was  chosen  for  the  evaluation  of  lime  stabil- 
ized mixtures.   Equal  weight  mixtures  of  type  2  residue  and 
crushed  stone  with  10  percent  dolomitic  hydrated  lime  were 
tested  for  compressive  strength  development  after  curing  at 
73°  F.  (23°  C.)  and  100°F.  (38°  C.)  for  7,  14,  and  28  days, 


-  152  - 


Table  39, 

Results 
bilized 

of  Compressive  Strength  Evaluation 
Base  Course  Mixtures  with  Variable 

of  Sta- 
Einder  Types 

1 .   LIME 

Residue 
Type^ 

STABILIZED  BASE  COURSE 
Mixture  Composition  -  Percent  by  Weight 

Crushed            Type  of 
Residue    Stone    Lime       Lime 

Average 
Compressive 
Strength2 
(Lbs/in2) 

2 

45 

45 

10 

Dolomitic 
Calcitic 

197 
149 

2 

48 

48 

4 

Dolomitic 
Calcitic 

197 
164 

1 

45 

42 

45 
42 

10 

4 

Dolomitic 
Dolomitic 
(+12%  Fly  Ash) 

190 
243 

2 

45 
42 

45 
42 

10 

4 

Dolomitic 
Dolomitic 
(+12%  Fly  Ash) 

197 
519 

3 

45 
42 

45 
42 

10 

4 

Dclomitic 
Dolomitic 
(+12%  Fly  Ash) 

129 
206 

6 

45 
42 

45 
42 

10 

4 

Dolomitic 
Dolomitic 
(+12%  Fly  Ash) 

234 
540 
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Table  39.   Results  of  Compressive  Strength  Evaluation  of  Sta- 
bilized Base  Course  Mixtures  with  Variable  Binder 
Types  (continued) 


CEMENT  STABILIZED  BASE  COURSE 


Mixture 

Composition 

-  Percent 

by. 

Weight 

Residue 
Type1 

Residue 

Crushed 
Stone 

Cement 

Type  of 
Cement 

1 

92 

0 

8 

1 
2 
3 

1 

90 

0 

10 

1 
2 
3 

1 

88 

0 

12 

1 
2 
3 

3 

92 

0 

8 

1 
2 
3 

3 

90 

0 

10 

1 
2 
3 

3 

88 

0 

12 

1 
2 
3 

Average 
Compressive 
Strength 
(Lbs/in2) 

171 

276 

261 

210 

175 

294 

252 

284 

276 

239 

224 

476 

215 

250 

498 

329 

630 

528 


!a11  residues  tested  were  in  the  "as  received"  condition. 

^Compressive  strength  values  were  based  on  an  average  of  three 
specimens  cured  for  7  days  at  100°F.  (38°C.) . 

•^Compressive  strength  values  were  based  on  an  average  of  three 
specimens  cured  for  7  days  at  73°F.  jf23°C). 
1  lb/in2  =  .0703  kg/cm2 
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and  at  120°  F.  (55°  C.)  for  7  days.   Compressive  strength 
values  were  based  on  an  average  of  three  specimens  for  each 
mix.   The  results  of  these  tests  are  presented  in  Table  40. 
These  results  indicate  an  increase  in  compressive  strength 
with  time  and  curing  temperature,  as  expected,  except  that 
7-day  cured  strength  values  are  essentially  the  same  at 
100°  F.  (38°  C.)  and  120°  F.  (55°  C). 

Types  1,  2,  and  3  residues  were  chosen  for  the  evaluation 
of  cement  stabilized  mixtures.   Compositions  containing  88 
percent  residue  and  12  percent  type  1  cement  were  tested 
for  compressive  strength  development  after  curing  at  73°  F. 
(23°  C.)  and  100°  F.  (38°  C.)  for  7,  14,  and  28  days.   A 
mix  containing  an  equal  weight  blend  of  type  2  residue  and 
crushed  stone  with  12  percent  type  1  cement  was  also  tested. 
The  results  of  these  tests  are  also  shown  in  Table  40. 

With  only  two  exceptions,  none  of  the  cement  stabilized 
mixes  showed  appreciable  strength  gains  after  7  days,  regard- 
less of  curing  temperature.   In  most  cases,  the  28  day  strength 
was  slightly  less  than  the  7  day  strength.   For  half  of  the 
mixes  tested,  higher  compressive  strength  values  were 
evident  at  the  lower  curing  temperature.   Consequently,  no 
firm  conclusions  can  be  drawn  from  these  tests  except  that 
cement  stabilized  mixtures  do  not  appear  to  be  as  sensitive 
to  variations  in  curing  conditions  as  lime  stabilized  mixtures. 

It  is  quite  probable  that  the  age  of  the  residue  is  a 
definite  factor  which  influences  the  mix  chemistry  and 
strength  development  of  stabilized  base  compositions.   Freshly 
produced  residue  is  generally  more  re-active  than  residue  which 
has  been  stockpiled  for  a  certain  period  of  time,  due  to  the 
oxidation  effect  of  the  aging.   Therefore,  it  is  possible  that 
fresh  residue  may  produce  strength  gains  over  a  longer  period 
of  time  than  stockpiled  residue,  although  the  use  of  stock- 
piled residue  should  result  in  higher  initial  strength  devel- 
opment . 

6.4   BITUMINOUS  BASE  COURSE  TESTS 

6.4.1    Description  of  Test  Methods 

6.4.1.1   Marshall  Mix  Design  Method 

The  principal  purpose  of  performing  an  asphalt  concrete 
mix  design  is  to  insure  that  the  following  properties  are 
incorporated  into  an  asphalt  concrete  pavement: 

1.  Stability  -  the  strength  of  the  mix 

2 .  Durability  -  the  longevity  of  the  pavement 
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3.  Flexibility  -  adaptability  to  varying  subgrade 
conditions 

4.  Fatigue  Resistance  -  Long  term  strength  under 
dynamic  loading  conditions 

5.  Skid  Resistance  -  the  maximizing  of  coefficients 
of  friction 

6.  Impermeability  -  reduction  of  the  accessibility 
of  air  and  water  into  the  pavement 

7.  Workability  -  ability  to  properly  handle  a  mix 
during  construction. 

The  objective  of  mix  design  is  to  properly  choose  the 
amount  of  asphalt  cement  binder  to  produce  these  properties. 
Mix  design,  however,  is  greatly  dependent  on  the  main  volu- 
metric or  weight  constituent,  namely,  the  mineral  aggregates. 
It  is  the  proper  combination  of  both  materials  that  produce 
good  pavements. 

Of  the  three  principal  approaches  to  mix  designs  in  common 
use  today,  the  Marshall  Mix  Design  procedure  was  chosen  to 
evaluate  the  incinerator  residue  mixes.   The  Marshall  Method 
has  gained  wide  acceptance  as  a  good  indicator  of  mix  char- 
acteristics.  Further,  much  information  has  been  gathered 
on  this  procedure  using  mineral  aggregates;  consequently,  it 
provides  a  good  basis  of  comparison  for  the  incinerator 
residue  mixes  with  such  mineral  aggregate  mixtures.   The 
Marshall  Mix  Design  procedure  is  currently  an  American  Society 
for  Testing  Materials  Standard  -  ASTM  D1559-73,  "Resistance 
to  Plastic  Flow  of  Bituminous  Mixtures  Using  the  Marshall 
Apparatus" (7) . 

By  varying  the  asphalt  content  and  holding  type  and 
gradation  of  the  mineral  aggregates  constant,  the  Marshall 
Method  generates  five'  basic  indicators  of  the  quality  of 
the  mix.   These  are  stability,  flow  or  displacement  at 
maximum  stability,  percent  air  voids  in  the  mix,  unit  weight 
or  density,  and  voids  in  the  mineral  aggregates  (VMA) .   These 
properties  will  vary  with  asphalt  content  according  to 
plotted  curves  relating  each  of  these  properties  with  asphalt 
content. 

In  choosing  the  optimum  asphalt  content,  due  consideration 
must  be  given  to  conformance  with  predetermined  specifications 
for  stability,  flow,  air  voids,  density  and  VMA.   The  asphalt 
content  chosen  must  satisfy  all  these  criteria.   The  current 
requirements  of  the  Pennsylvania  Department  of  Transportation 
are  as  follows: 
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Marshall  Aggregate-         ID-2A 

Criteria  Bituminous         Binder 


Stability  (Lbs)  500             1,000 

Flow  (.01  in)  6-16             6-16 

Air  Voids  (percent)  3-5 
Voids  filled  with 

asphalt  (percent)  65-80 

The  values  for  stability  and  flow  are  direct  test  measure- 
ments in  the  laboratory.   Air  voids,  density  and  VMA  are 
calculated  values  using  laboratory  measurements  of  the  weights 
of  the  materials  and  compacted  specimens. 

In  conventional  mineral  aggregate  -  asphalt  cement  mixes, 
workability  is  quite  satisfactory  at  the  optimum  asphalt  content 
determined  in  mix  design.   Workability  in  the  laboratory  would 
be  subjectively  evaluated  as  the  flow  of  the  loose  mixture  and 
the  degree  of  stone  coating  observed.   The  incinerator  residue 
mixes,  however,  in  many  instances  did  not  show  signs  of  good 
workability  and/or  coatability  at  asphalt  content  levels 
associated  with  conventional  mixes.   Consequently,  many  of 
the  incinerator  asphalt  mixes  indicated  desirable  asphalt 
contents  well  above  normal  levels  because  of  their  workability 
and  coatability  characteristics. 

Figure  40  shows  typical  Marshall  specimens  containing 
incinerator  residue.   Three  Marshall  specimens  were  molded 
for  each  asphalt  content.   The  specimens  were  compacted  into 
molds  4  inches  (101.6  mm)  in  diameter  by  2.5  inches  (63.5  mm) 
in  height,  in  accordance  with  Marshall  mix  design  compaction 
procedures . 

In  general,  the  following  were  observed  of  the  incinerator 
residue  mixes  as  compared  to  conventional  mixes  in  the  labora- 
tory: 

1.  A  less  sensitive  mix  was  observed,  that  is,  a  more 
subtle,  if  any,  delineation  of  optimum  stability 
values  as  a  function  of  asphalt  content. 

2.  The  flow  properties  exhibited  an  irregular  behavior 
unless  exceptionally  high  asphalt  contents  were 
used . 

3.  Densities  also  exhibited  an  irregular  pattern  as 
per  conventional  density  vs.  asphalt  content  curves. 
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Figure  40. 


Typical  Marshall  specimens  containing 
incinerator  residue. 
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4.   Workability/coatability,  ordinarily  not  a  problem 

with  conventional  mixes,  was  normally  poor  at  usual 
asphalt  content  levels  (4.5  to  6.0  percent  +) .   Many 
of  the  incinerator  residue  mixes  did  not  visually 
appear  coated  until  asphalt  contents  exceeded 
values  of  7  to  8  percent/  more  or  less.   However, 
there  was  no  set  value  at  which  coatability  occurred 
for  any  of  the  mixes  in  which  incinerator  residues 
were  used. 

6.4.1.2   Determination  of  Specific  Gravities 

In  the  Marshall  Mix  Design  Method,  as  well  as  in  any  of 
the  mix  design  procedures,  calculations  must  be  made  to  deter- 
mine percent  air  voids,  voids  in  the  mineral  aggregates  (VMA) , 
and  voids  filled  with  asphalt  (VFA) .   The  calculation  of  these 
parameters  is  principally  based  on  the  determination  of  specific 
gravities.   The  bulk  and  apparent  specific  gravities  of  all 
the  components  of  the  mix  as  well  as  the  maximum  theoretical 
specific  gravity  of  the  mix  itself  must  be  determined  to 
accurately  calculate  values  in  mix  design. 

Conventionally,  specific  gravities  are  determined  using 
the  following  ASTM  standards: 

1.  ASTM  C  127  -  Specific  gravity  test  for  coarse 
aggregates  (6) « 

2.  ASTM  C  128  -  Specific  gravity  test  for  fine 
aggregates  (6) . 

3.  ASTM  D  2041-71  -  the  specific  gravity  test  for 
asphalt-aggregate  mixtures,  commonly  known  as  the 
Rice  Method  (7) . 

These  test  procedures  routinely  involve  the  determinations 
of  absorption  values  of  the  materials.   The  Rice  Method  includes 
a  procedure  to  correct  the  calculated  maximum  specific  gravity 
for  absorption  using  a  "dry  back"  procedure  to  determine  the 
corrected  volume  of  mix  and/or  material.   Significant  absorp- 
tions reduce  specific  gravities  in  this  method. 

The  initial  work  with  incinerator  residues  employed  methods 
C  127  and  C  128  to  determine  bulk  and  apparent  specific  gravities 
and  associated  absorptions.   The  following  problems  requiring 
modifications  of  these  methods  were  encountered: 

1.    It  was  quickly  apparent  that  sample  sizes  had  to  be 

increased  well  above  values  as  specified  in  C  127  and 
C  128.   The  material  is  very  heterogeneous  and  small 
samples  would  reduce  any  possibility  of  acceptable 
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repeatability  or  reproducibility  of  test  results. 
The  sample  size  was  increased  substantially  (doubled 
in  most  cases)  to  take  into  account  the  heterogeneity 
of  the  residues.   Sample  to  sample  variability  was 
reduced  in  this  manner. 

2.  All  of  the  residue  samples  contained  materials 
that  floated  during  testing.   All  efforts  to 

keep  these  particles  submerged  were  made;  however, 
there  were  still  some  losses  in  the  precision  of  the 
measurement  process.   Because  of  the  increase  in  sam- 
ple size  and  the  problem  with  floating  particles,  the 
pycnometer  size  was  increased.   This  resulted  in  en- 
larging the  flask  diameter  and  reducing  the  meniscus 
height  of  the  water.   Reducing  the  meniscus  height 
minimized  the  effect  of  the  floating  particles  with 
regard  to  determining  the  volumes.   An  aspirator  was 
used  to  remove  air  from  void  spaces  during  these  inves- 
tigations.  Absorption  by  incinerator  residues  was 
considerably  greater  than  that  of  normal  aggregate 
materials . 

3.  The  procedures  outlined  to  determine  absorption 
proved  unreliable.   The  behavior  of  the  incinerator 
residue  using  the  cone  method  for  absorption  gave 
erratic  and  inconsistent  results  for  any  one  type 
of  residue.   Visual  observation  of  light  or  dark 
color  change  proved  to  be  as  effective  as  any 
other  method  in  determining  levels  of  absorption. 

4.  Although  the  maximum  theoretical  specific  gravity 
of  an  asphaltic  concrete  mix  can  be  determined 
using  ASTM  D  2041-71,  this  value  can  also  be  calcu- 
lated from  applicable  specific  gravities  of  the 
constituents.   In  this  case,  calculations  for  this 
value  were  not  possible  since  the  applicable  spe- 
cific gravities  of  components  determined  by  C  127 
and  C  12  8  were  yielding  results  with  a  wide  range 
of  values  for  any  one  incinerator  residue  type. 

The  heterogeneous  nature  of  the  material  (incinerator 
residues)  become  very  apparent  during  the  course  of  this 
testing.   At  some  point  in  time,  it  was  decided  to  perform 
all  specific  gravity  determinations  using  ASTM  D2041-71  on 
all  constituent  materials  and  on  all  asphaltic  concrete  mixes. 
Although  the  inherent  variability  characteristics  were  still 
present,  D2041-71  presented  a  method  where  more  control  could 
be  exercised  in  establishing  absorption  values  and  also  gave 
a  procedure  to  adjust  the  calculated  specific  gravity  to  take 
into  account  absorption  values. 
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Normally,  bulk  specific  gravities  are  used  to  calculate 
the  voids  and  VMA  of  a  mix.   With  absorptive  materials,  an 
account  must  be  made  of  absorption  to  determine  the  virtual 
bulk  specific  gravity.   Absorption  was  determined  by  a  wet 
bulb-dry  bulb  relative  humidity  procedure,  in  lieu  of  a  weight 
loss  measurement.   This  procedure  is  described  as  follows: 

The  saturated  material  is  spread  evenly  with  a  fan 
moving  air  over  the  surface.   A  thermometer  is  hung  above 
the  material  at  a  predetermined  position.   After  the  air 
temperature  is  noted,  the  thermometer  is  placed  into  the 
saturated  material,  removed,  placed  at  its  original  position. 
As  the  moisture  on  the  bulb  is  removed  through  evaporation, 
the  temperature  is  depressed,  the  difference  between  the 
air  temperature  reading  (dry  bulb)  and  the  moistened  thermom- 
eter (wet  bulb)  is  noted.   The  procedure  is  then  repeated 
until  the  last  noted  difference  in  temperatures  is  one-half 
the  originally  noted  difference.   When  this  occurs,  the 
material  being  tested  is  considered  saturated  surface  dry. 

This  procedure  for  determining  moisture  and  absorption 
levels  proved  to  be  the  most  reliable  in  the  laboratory.   The 
total  procedure  just  outlined  was  used  both  in  the  incinerator 
residues  and  on  asphaltic  concrete  mixtures  using  absorption 
values  in  conjunction  with  their  effect  on  specific  gravity 
value  adjustments  as  given  in  ASTM  D2041-71  (Rice  Method) . 

Although  variability  was  still  encountered,  the  follow- 
ing values  were  established  by  D2041-71  with  the  wet  bulb-dry 
bulb  procedure  as  representative  for  the  more  promising 
incinerator  residues: 


Type  1  Residue 
Type  2  Residue 
Type  3  Residue 


Bulk 

Specific 

Gravity 

2.13 

2.30 

2.29 


Bulk 

Saturated 
Surface  Dry 
Specific 
Gravity 

2.28 

2.38 

2.37 


Apparent 
Specific 
Gravity 

2.45 

2.53 

2.43 


The  absorption  information  shown  is  for  water  absorption 
The  absorption  of  asphalt  binder  will  be  less  than  the  values 
shown  and  as  of  this  time  no  precise  procedure  is  given  for 
this  determination. 
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The  above  values  are  based  on  the  average  of  several  tests 
performed  on  residues  with  a  nominal  maximum  particle  size  of 
1/2  inch  (12.7  mm).   The  range  of  values  is  much  wider  than 
the  normal  range  for  conventional  mineral  aggregates. 

6.4.1.3   Immersion-Compression  Test 

The  immersion-compression  test  (ASTM  D  1075)  was  performed 
on  laboratory  incinerator  residue  mixes  at  optimum  asphalt 
contents,  on  laboratory  incinerator  residue  mixes  at  selected 
asphalt  contents,  and  on  laboratory  compacted  material  as 
taken  from  the  field  during  lay  down  operations .   The  purpose 
of  the  immersion-compression  test  is  to  determine  the  index  of 
retained  strength,  that  is,  a  measure  of  the  relative  gain  or 
loss  of  strength  of  the  compacted  mix  after  immersion  in  water 
compared  to  the  strength  of  the  original  compacted  mix.   Strength 
measurements  were  performed  according  to  ASTM  D  1074-  Compres- 
sive Strength  of  Bituminous  Mixtures.   The  index  of  retained 
strength  is  calculated  as  follows: 

Index  of  retained  strength  =  (S2/S1)  X  100 
where  S^  =  average  compressive  strength  of  dry  specimens 
S2  =  average  compressive  strength  of  immersed 
specimens. 

Specimens  were  immersed  as  per  alternative  2  of  ASTM  D 
1075,  that  is,  140°F  (60°C)  for  24  hours.  All  values  reported  are 
based  on  this  test  condition. 

Initial  mix  designs  also  involved  specimens  subjected 
to  an  immersion  test  using  the  Marshall  apparatus.   The  use 
of  the  Marshall  apparatus  for  testing  water  immersion  effects 
is  currently  a  proposed  ASTM  method  under  D4  committee  juris- 
diction and  is  titled"Ef feet  of  Water  on  Resistance  to  Plastic 
Flow  of  Bituminous  Mixtures  Using  Marshall  Apparatus." 

In  general,  these  tests  were  performed  without  incident 
and  yielded  results  which  will  be  discussed  as  the  individual 
mix  discussions  arise  in  this  report. 

6.4.2   Results  of  tests  on  bituminous  base  mixes. 

The  results  of  Marshall  tests  performed  on  bituminous 
base  mixes  will  be  presented  for  two  basic  types  of  mixes: 
aggregate-bituminous  base  courses  and  asphalt  concrete  binder 
courses.   The  essential  difference  between  the  two  mixes  is 
the  higher  asphalt  content  used  in  the  binder  courses,  resulting 
in  higher  minimum  stability  values.   All  bituminous  base 
course  mixtures  used  a  standard  paving  grade  AC-2  0  as  the 
asphaltic  binder. 
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6.4.2.1  Aggregate-Bituminous  Base  Course 

A  laboratory  investigation  of  aggregate-bituminous  base 
course  mixes  was  made  to  determine  properties  for  this  type 
structure.   Aggregate  bituminous  courses  characteristically 
have  low  asphalt  contents  (up  to  4.5  to  5.0  percent)  and 
contain  principally  coarse  aggregate  (less  than  20  to  25 
percent  passing  the  no.  8  screen) . 

Aggregate -bituminous  testing  took  place  early  in  this 
program  and  was  confined  to  laboratory  testing.   All  the 
incinerator  residues  were  tested  at  asphalt  contents  at  or 
below  5  percent  asphalt  content  by  weight  of  the  dry  aggregate 
(4.76  percent  by  weight  of  the  mix) .   The  gradations  of  the 
mix  constituents  possessed  a  degree  of  variability  since  the 
only  screening  process  used  was  a  1-1/2  inch  (37.6  mm)  screen. 
Material  that  passed  through  this  screen  was  used  "as  received" 
or  blended  5  0  percent  by  weight  with  limestone  for  the  stone 
blended  specimens.   A  vertical  blend  (screens  1-1/2  inch  or 
37.6  mm  to  minus  200  mesh  or  0.074  mm)  was  used  and  no 
further  screening  was  employed.   Due  to  the  heterogeneity  of 
the  residues  a  careful  reconstitution  of  a  particular  grada- 
tion of  residue  was  not  considered  to  be  warranted  in  this 
investigation,  since  it  is  difficult  to  guarantee  the  grada- 
tion of  residue  materials  "as  received"  from  an  incinerator 
plant. 

Figures  14  through  18  illustrate  the  gradations  of  Types 
1  through  5  residues  with  a  top  size  of  1-1/2  inches  (37.6  mm). 
Except  for  the  type  1  residue,  these  materials  are  basically 
in  conformity  with  the  gradation  requirements  of  the  Pennsyl- 
vania Department  of  Transportation  for  aggregate-bituminous  base 
course  mixtures.   Figures  41  through  45  illustrate  the  grada- 
tions of  Types  1  through  5  residues  blended  on  equal  weight 
basis  with  Pennsylvania  2B  stone.   These  blended  gradations 
are  also  basically  in  conformity  with  aggregate-bituminous 
gradation  requirements  except  that  the  Type  2  residue  blend  mix 
is  somewhat  deficient  in  the  middle  size  range,  as  shown  in 
Figure  42. 

Table  41  contains  a  summary  of  data  from  the  aggregate- 
bituminous  mixes  investigated  using  the  Marshall  mix  design  pro- 
cedure.  The  table  contains  data  for  "as  received"  (AR)  material, 
with  and  without  the  50  percent  stone  blend,  and  for  residues 
with  ferrous  metal  removal  (RM) ,  with  and  without  the  stone 
blend.   None  of  these  specimens  contained  hydrated  lime, 
except  as  noted  in  the  table. 

Incinerator  residue  mixes  were  principally  tested  at  4.0 
percent  asphalt  content  by  weight  of  dry  aggregate  (3.85 
percent  by  weight  of  mix).   A  graphical  summary  of  the  4.0 
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percent  (3.85  percent  by  weight  of  mix)  Marshall  stabilities, 
including  the  control  mix  (all  stone  gradation) ,  is  given  in 
Figure  46.   From  both  the  summary  table  and  the  figure  cited, 
the  following  can  be  noted: 

1.  The  Marshall  stability  values  of  aggregate-bituminous 
mixtures  using  "as  received"  (AR)  or  magnetic  free  (RM) 
residues  are  marginal  in  a  number  of  cases.   However, 
the  blending  of  stone  on  an  equal  weight  basis  results 
in  stability  values  well  in  excess  of  the  minimum  spe- 
cified stability  value  (500  lbs.  or  1100  kg.)  for  all 
residue  types.   It  is  also  noteworthy  that  mixes 
containing  Type  2  residue,  which  has  the  lowest 
amount  of  combustible  matter  and  the  highest  mineral 
content,  produced  stability  values  higher  than  that 

of  the  control  mix  when  crushed  stone  was  blended 
with  the  residue. 

2.  The  addition  of  the  stone  blend  produced  improved 
Marshall  stabilities  to  varying  degrees.   The  sig- 
nificance or  importance  of  the  stone  addition  for 
improvement  of  stability  would  be  largely  contingent 
on  the  minimum  requirement  of  this  property.   Simply 
stated ,  the  stone  may  be  required  to  improve  the 
stability  of  a  particular  incinerator  residue  to  a 
minimum  level,  for  example,  the  addition  of  stone 

to  the  "as  received"  Type  1  residue. 

3.  No  mix  under  5.0  percent  asphalt  by  weight  of 
aggregate  (4.76  percent  by  weight  of  mix)  was  com- 
pletely coated  or  possessed  a  cohesive  appearance, 
except  for  the  control  mix.   Coating  and/or  cohesive- 
ness  varied  from  non-existent  to  approximately  90 
percent  coating  and  some  cohesiveness  (Type  2  "as 
received"  blended  with  50  percent  stone) .   In 
general,  these  mixes  would  be  unacceptable  relative 
to  conventional  mineral  aggregate  mixes. 

4.  Bulk  specific  gravities  and  Marshall  flows  are 
reported  as  observed.   Marshall  flows  in  general 
are  high  for  the  particular  asphalt  contents  shown 
and,  where  observed  over  some  range  of  asphalt  con- 
tent, do  not  follow  the  traditional  increase  in 
flow  with  increased  asphalt  content.   A  case  in 
point  would  be  the  Type  4  residue  with  stone  blend 
which,  when  tested  at  three  asphalt  contents,  shows 

an  irregular  pattern  of  flow,  in  addition  to  extremely 
high  flow  values. 
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5.   Bulk  specific  gravities  are  reported  without  an  indi- 
cation of  air  void  contents.   The  values  shown  were 
observed  in  the  laboratory  and,  although  air  void 
contents  are  normally  desired,  a  discussion  of  their 
computation  (or  lack  of  it)  will  be  included  later 
in  this  report.   Aggregate-bituminous  specimens  were 
suspected  of  having  high  air  voids,  since  most  of 
the  asphalt  introduced  in  making  these  specimens 
was  believed  to  have  been  absorbed,  leaving  a  very 
low  effective  asphalt  content. 

The  question  of  coatability  and/or  cohesiveness  arises 
at  this  point .   Considering  a  conventional  pavement  structure 
consisting  of  a  surface  course  placed  over  a  binder  course, 
which  are  in  turn  placed  over  a  stabilized  base  course,  such 
as  an  aggregate-bituminous  base  course,  the  importance  of 
coatability  and/or  cohesiveness  becomes  relative.   There  is 
no  doubt  that  the  upper  parts  of  a  pavement  structure  should 
be  cohesive  and  possess  particles  that  are  100  percent  coated. 
As  the  lower  parts  of  the  pavement  structure  are  encountered, 
however,  mix  design  requirements  are  relaxed.   The  aggregate- 
bituminous  layer  would  normally  be  placed  below  the  binder  course 
and  would,  therefore,  be  subjected  to  the  most  liberal  of 
specifications  with  regard  to  stability,  flow,  air  content, 
etc.   Further,  this  sub-structure  would  exist  in  a  confined 
environment  which  would  experience  at  least  a  partial  dissipa- 
tion of  wheel  loads  and  a  more  moderate  range  of  temperatures. 
To  some  degree,  the  function  of  an  aggregate-bituminous  course 
is  analagous  to  a  crushed,  graded,  and  rolled  stone  base  course. 
Coatability  and/or  cohesiveness  are  minor  aspects  of  an  aggregate 
bituminous  base  course.   Based  on  this  rationale  and  considering 
the  observed  test  values,  the  use  of  incinerator  residue  in 
aggregate-bituminous  base  courses  appears  to  be  a  real  possi- 
bility. 

6.4.2.2  Asphalt  Concrete  Binder  Courses 

The  laboratory  investigation  of  asphalt  cement  binder 
courses  basically  dealt  with  the  same  incinerator  residue  and 
stone  gradations  employed  in  the  aggregate-bituminous  base 
course  mixes.   Essentially,  the  only  change  involved  increased 
asphalt  contents.   The  mixes  investigated  ranged  in  asphalt 
content  from  6  to  10  percent  by  weight  of  dry  aggregate  (9.1 
percent  by  weight  of  the  total  mix) .   Current  Pennsylvania 
ID-2A  binder  specifications  allow  up  to  9.0  percent  asphalt 
by  weight  of  mix  for  slag  aggregates. 

Table  42  and  Figure  47  clearly  show  the  effect  of  the 
addition  of  stone  to  the  mixes.   The  stability  values  shown 
in  Figure  47  are  for  mixes  with  8  percent  asphalt  by  weight 
of  aggregate  (7.4  percent  by  weight  of  mix).   The  one  excep- 
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tion  to  the  improvement  of  stability  with  stone  addition  was 
the  type  2  incinerator  residue.   The  data  shows  little  or  no 
change  in  the  stability  value  for  the  "as  received"  (AR)  or 
the  ferrous  metal  removal  (RM)  materials.   The  most  apparent 
reason  for  this  reduction  in  stability  values  for  the  blended 
type  2  mixtures  as  compared  to  the  100  percent  residue  mix- 
tures is  the  coarse  gradation  of  the  residue-aggregate  blend, 
as  shown  in  Figure  42,  which  is  not  conducive  to  effective 
particle  interlock.   However,  when  comparing  stability  values 
at  the  same  asphalt  content,  it  must  be  recognized  that 
blending  with  crushed  stone  reduces  the  amount  of  asphalt 
required  to  completely  coat  the  particles . 

Because  of  the  comparatively  high  mineral  content  and 
lower  percentage  of  combustibles,  the  type  2  residue  blend 
mixes  achieved  particle  coatability  at  lower  asphalt  contents 
than  blend  mixes .   Total  coatability  for  the  type  2  blend 
mix  was  observed  at  6  to  6.5  percent  asphalt  by  weight  of 
aggregate.   Table  42  indicates  that  a  Marshall  stability  value 
of  2600  was  observed  at  the  6.5  percent  asphalt  content,  com- 
pared to  136  8  at  8  percent  asphalt  content.   Therefore,  the 
stability  of  the  type  2  residue  mix  was  improved  by  blending 
with  stone,  although  the  most  dramatic  improvement  occurred 
at  a  lower  asphalt  content. 

As  with  the  aggregate-bituminous  compositions,  all  residue- 
stone  mixes  for  bituminous  concrete  binder  courses  exceeded 
minimum  stability  values  (1000  lbs.  or  2200  kg.),  even  those 
mixtures  in  which  the  type  4  residue  was  used .   Several  of 
the  blended  mixtures  exhibited  stability  values  that  were 
approximately  equal  to  that  of  the  control  mix.   This  was 
also  true  of  the  magnetic  free  (RM)  type  2  residue  mix. 

Stability  values  in  general  show  little  pattern  with 
regard  to  normal  design  trends.   Further,  a  degree  of  insensi- 
tivity  is  apparent;  that  is,  small  and  irregular  changes  in 
stability  are  noted  with  changes  in  asphalt  content.   It  has 
generally  been  observed  in  mixes  with  incinerator  residue  that 
maximum  stability  values  often  occur  at  asphalt  contents  lower 
than  that  required  for  complete  particle  coating. 

Flow  values  appear  to  be  high  at  the  asphalt  content 
levels  tested.   However,  increases  or  decreases  with  changes 
in  asphalt  content  are  inconsistent  with  conventional  expec- 
tations.  The  stability-flow  curves  consistently  show  some 
yield  before  substantial  curvilinear  changes  in  stability 
occur.   A  correction  factor  of  perhaps  4  to  6  units  of  flow 
may  be  justified  in  reducing  reported  flows.   However,  this 
would  not  reduce  or  eliminate  the  inconsistent  changes  that 
were  observed . 
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Figure  47  indicates  a  1000  lbs.  (2200  kg.)  minimum  value 
for  stability  as  the  criteria  for  binder  course  acceptability. 
Except  for  Type  2  and  Type  5  materials,  the  addition  of  stone 
is  required  to  achieve  this  stability.   It  would  appear 
that  adding  stone  and  correcting  for  the  flow  would  render 
these  residue  materials  acceptable  for  these  parameters. 
However,  the  coatability  problem  still  exists  in  some  mixes. 

Table  43  presents  the  subjective  evaluation  of  the  con- 
dition of  particle  coating  for  the  mixes.   The  data  in  this 
table  can  be  summarized  by  the  following  observations: 

1.  None  of  the  all  incinerator  residue  mixes,  except 
for  the  type  3  "as  received"  residue  mix,  were 
completely  coated  at  less  than  10  percent  asphalt 
content  by  weight  of  aggregate.   The  Type  3  "as 
received"  mix  did  appear  to  be  completely  coated 
with  only  7  percent  asphalt  by  weight  of  aggregate. 

2.  The  addition  of  a  50  percent  stone  blend  greatly 
improved  the  coatability  of  the  mixes.   All  mixes 
with  a  stone  blend  showed  a  98  percent  or  better 
coating  at  10  percent  asphalt  content.   A  notable 
exception  is  the  Type  2  material,  which  showed  100 
percent  coating  at  6  percent  asphalt  content. 

The  coating  of  all  the  components  of  an  asphaltic  concrete 
mix  is  very  important  for  bituminous  binder  courses.   Using 
coatability  as  a  valid  design  criteria,  the  addition  of  stone 
to  the  incinerator  residue  is  required.   Even  with  stone  addi- 
tion, 10  percent  asphalt  content  was  required  for  sufficient 
coating  of  most  mixes.   This  is  a  comparatively  high  level  of 
asphalt  for  binder  mixtures. 

However,  the  specific  gravity  of  incinerator  residues  is 
lower  than  that  of  conventional  aggregates.   Therefore,  a 
comparison  of  the  amount  of  asphalt  in  a  bituminous  mixture 
containing  incinerator, residue  with  the  amount  of  asphalt  in 
conventional  paving  mixture,  cannot  be  made  directly  on  the 
basis  of  respective  asphalt  contents  obtained  on  a  weight  of 
aggregate  basis.   Perhaps,  a  more  favorable  comparison  of 
asphalt  coatability  levels  for  incinerator  residues  and  con- 
ventional aggregate  would  result  if  the  asphalt  contents  were 
determined  on  an  aggregate -volume  basis. 

6.4.2.3   Comparison  with  Previous  Studies 

Laboratory  investigations  of  the  use  of  incinerator  resi- 
dues in  bituminous  base  mixtures  were  also  performed  in 
previous  studies  conducted  by  the  Texas  Transportation  Insti- 
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Table  43.   Summary  of  Coatability  Levels  for  Asphalt  Concrete 
Binder  Courses 


Type  Mix 

Residue        Composition 

1  AR 
AR/ stone 

RM 
RM/stone 

2  AR 
AR/stone 

RM 
RM/stone 

3  AR 
AR/stone 

RM 
RM/stone 

4  AR 
AR/stone 

RM 
RM/stone 

5  AR 
AR/stone 


Asphalt  contents  are  based  on  dry  weight  of 

^Coatability  percentages  are  based  on  visual 
and  the  judgment  of  the  operator. 


Percent 
Asphalt 
Content1 

Percent 
Coated2 

10 

Z  100 

10 

98 

10 

Zioo 

10 

98 

10 

zlioo 

6 

100 

10 

90 

8 

100 

7 

100 

7 

100 

10 

70 

10 

98 

10 

100 

10 

Z-ioo 

10 

70 

10 

98 

10 

65 

9 

100 

weight  of 
on  visual 

aggregate, 
observation 
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tute  and  the  City  of  Baltimore.   The  results  of  the  asphalt 
cement  binder  course  investigation,  as  shown  in  Table  42, 
essentially  confirm  the  findings  of  these  prior  studies. 

In  the  Texas  Transportation  Institute  Study,  an  experi- 
mental base  course  paving  mixture  was  designed  in  which  incin- 
erator residue  from  a  plant  in  Houston  was  passed  through  a 
1  inch  screen  and  treated  with  a  slurry  of  2  percent  by  dry 
weight  of  hydrated  lime.  Marshall  and  Hveem  tests  were 
performed  on  base  course  mixtures  in  which  the  amount  of 
asphalt  used  was  9,  10,  and  11  percent  by  weight  of  the  mix. 
Based  on  these  tests,  a  Marshall  stability  value  of  1360  was 
obtained  at  an  optimum  asphalt  content  of  9  percent  by  total 
weight  of  mix  (30) .   This  corresponds  to  an  asphalt  content  of 
approximately  10  percent  by  weight  of  aggregate  which  is  in 
the  range  recommended  for  achieving  complete  coatability.   No 
residue-stone  blends  were  investigated  during  this  study. 

While  employed  by  the  City  of  Baltimore,  Mr.  C.  Edward 
Walter  conducted  an  extensive  study  of  the  use  of  residues 
from  a  number  of  municipal  incinerator  plants  as  aggregate  in 
bituminous  base  course  mixtures.   The  percentage  of  residue 
used  in  these  mixtures  was  varied  from  10  to  100  percent. 
Residues  studied  were  treated  by  screening  out  oversize  (1  inch 
or  25.4  mm)  material.   The  Marshall  mix  design  method  was  used 
to  determine  the  optimum  asphalt  content  for  each  mixture. 

Based  on  the  results  of  these  studies,  Walter  has  recom- 
mended that  the  treated  residue  used  in  bituminous  base  courses 
be  blended  between  40  and  55  percent  by  weight  with  conventional 
mineral  aggregates  in  order  to  achieve  the  most  economical 
paving  mixture.   Optimum  asphalt  contents  for  these  mixtures 
were  found  to  range  between  5.5  and  6.5  percent  by  weight  of 
mix,  with  Marshall  stability  values  between  1400  and  1600  (69) . 
This  range  of  asphalt  contents  corresponds  to  a  range  of  approx- 
imately 6  to  7  percent  by  weight  of  aggregate,  which  is  in  the 
range  found  for  achieving  complete  coatability  of  residues 
which  correspond  to  the  type  2  or  type  3  materials  which  were 
tested  in  this  program.   However,  more  poorly  burned  residues 
appear  to  require  higher  percentages  of  asphalt  to  attain 
coatability. 

Loss  on  ignition  values  for  these  residues  will  be  dis- 
cussed in  the  following  chapter,  which  will  also  describe  the 
scope  and  results  of  environmental  tests  performed  on  stabil- 
ized base  and  wearing  surface  mixtures  containing  incinerator 
residues . 
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6.4.2.4   Additional  Marshall  Test  Results 

In  addition  to  the  evaluation  of  "as  received"  (AR)  and 
magnetic-free  (RM)  residues,  an  investigation  was  also  made 
of  the  potential  usefulness  of  residues  subjected  to  other 
levels  of  processing.   Crushed  (CR)  and  organic-free  (RO) 
residues  were  evaluated  for  possible  use  in  asphalt  base  course 
mixtures.   Marshall  tests  were  also  conducted  on  blended  mix- 
tures using  Type  6  (pyrolysis)  residue.   Table  44  summarizes 
the  findings  of  these  tests  on  types  1,  2,  3,  and  6  residues. 

A  study  of  Table  44  indicates  the  following: 

1.  The  removal  of  the  magnetic  fraction  from  inciner- 
ator residue  may  improve  the  stability  and  flow 
characteristics  of  the  mix  to  a  certain  extent. 

2.  Crushed  residues  appear  to  be  marginally  suitable 
for  use  in  bituminous  base  course  mixtures. 

3.  Organic  free  residues  are  not  suitable  for  use  in 
bituminous  base  course  mixtures  because  of  poor 
stability  values. 

4.  The  type  6  residue,  as  it  was  blended,  is  not  suit- 
able for  use  in  bituminous  base  course  mixtures . 
Since  the  pyrolysis  residues  are  glassy  and  even 
graded,  it  may  be  possible  to  carefully  control  the 
gradation  of  a  mix  by  blending  with  stone  at  differ- 
ent sieve  ranges  and  reconstitute  the  fractions  to 
provide  an  acceptable  mix. 


-  189  - 


Table  44.   Comparison  of  Marshall  Test  Results  for  Asphalt  Con- 
crete Binder  Course  Mixtures  Containing  Processed 
Residues 


Residue 
Type 

Mix 
Composition 

Percent 
Asphalt 
Content-'- 

Stability 
(Lbs.) 

Flow 
(.01  in.) 

1 

AR/ Stone 

6 

8 

10 

1500 
1470 
1275 

15.5 
15.5 
19.0 

1 

RM/Stone 

6 

8 

10 

1425 
1710 
1800 

13.5 
14.0 
16.0 

1 

RO/ Stone 

3 

4 

535 
667 

8.0 
7.0 

2 

AR/ Stone 

6 
7 
8 

1960 
2000 
1770 

13.0 
17.5 
16.5 

2 

RM/Stone 

6 
7 
8 

2670 
2050 
1875 

11.5 
13.5 
15.5 

2 

CR 

8 
10 

1123 
1559 

15.0 
16.0 

2 

CR/Stone 

4 

1198 

14.0 

2 

RO/Stone 

4 
5 
6 

702 
682 
617 

13.0 
14.0 
12.0 

3 

AR/Stone 

6 

8 

10 

2400 
1840 
1450 

13.5 
16.0 
15.5 

3 

RM/Stone 

6 

8 

10 

2210 
1750 
1525 

12.5 
16.0 
14.0 

3 

CR/Stone 

6 
8 
9 

2071 
1407 
1203 

11.0 

15.0 
21.0 
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Table  44.   Comparison  of  Marshall  Test  Results  for  Asphalt  Con- 
crete Binder  Course  Mixtures  Containing  Processed 
Residues  (continued) 

Percent 


Residue 
Type 

Mix 
Composition 

Asphalt 
Content^ 

Stability 
(Lbs . ) 

Flow 
(.01  in.) 

3 

RO/ Stone 

3 
4 

179 
457 

15.0 
15.5 

6 

AR/ Stone 

4 
6 
8 

367 
486 
620 

9.0 

9.0 

14.0 

^Asphalt  contents  are  based  on  percent  by  weight  of  aggregate. 
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7.    LABORATORY  EVALUATION  OF  INCINERATOR  RESIDUE  AS  AN  AGGRE- 
GATE IN  WEARING  SURFACE  MIXTURES 

The  objectives  of  the  laboratory  evaluation  of  wearing 
surface  mixtures  were  to: 

1.  Utilize  the  data  from  the  study  of  base  course  com- 
positions to  develop  the  most  suitable  mixtures  for 
testing  of  wearing  surface  mixtures. 

2.  Evaluate  the  residues  as  aggregate  in  bituminous 
concrete  wearing  surfaces . 

3.  Evaluate  the  effects  of  using  incinerator  residue 

as  a  component  of  portland  cement  concrete  mixtures. 

4.  Determine  the  environmental  effects  of  incorporating 
incinerator  residue  into  paving  mixtures. 

5.  Determine  the  field  performance  characteristics  of 
optimum  mix  formulations  of  incinerator  residue 
wearing  surface  mixtures. 

As  stated  previously,  the  ultimate  objective  of  the  labor- 
atory evaluation  was  to  identify  the  optimum  or  "best"  mix 
formulations  to  be  used  for  the  design  and  placement  of  field 
demonstrations.   These  demonstrations  were  used  to  evaluate 
the  performance  of  the  residue  materials  under  field  conditions 
and  to  enable  mix  design  procedures  and  construction  procedures 
to  be  established. 

Laboratory  testing  for  this  work  was  conducted  in  the 
following  areas:   1.   Marshall  mix  design  evaluation  of  bitu- 
minous wearing  courses,  2.   testing  of  portland  cement  concrete 
mixtures,  and  3.   permeability  and  leachate  tests  on  selected 
mixtures  to  determine  the  environmental  effects  of  using  incin- 
erator residues  in  base  course  and  wearing  surface  compositions, 

The  incinerator  residues  used  in  this  phase  of  the  labor- 
atory evaluation  were  the  same  materials  used  in  the  evaluation 
of  base  course  mixtures.   The  residues  were  subjected  to  the 
same  levels  of  processing  as  those  used  in  the  base  course 
mixtures,  as  described  earlier  in  section  6.1. 

7.1   ASPHALT  CONCRETE  WEARING  SURFACE  MIXTURES 

7.1.1  Preparation  of  Mixture  Specimens 

All  residues  used  in  the  evaluation  of  asphalt  concrete 
wearing  surface  mixtures  were  screened  to  insure  that  the 
maximum  particle  size  was  limited  to  1/2  inch  (12.7  mm),  in 
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accordance  with  Pennsylvania  Department  of  Transportation 
specification  requirements.   The  particle  size  distribution 
of  types  1,  2  and  3  residues  screened  for  use  as  wearing  sur- 
face aggregate  are  shown  in  Figures  48,  49,  and  50  and  compared 
with  the   gradation  requirements  for  Pennsylvania  Department 
of  Transportation  ID-2A  wearing  surface  mixtures,  as  shown  in 
Table  11. 

The  aggregate  used  in  blended  wearing  surface  mixtures 
was  obtained  by  passing  the  2B  stone  previously  used  in  the 
base  course  testing  through  a  1/2  inch  (12.7  mm)  screen.   The 
gradation  of  the  screened  aggregate  is  given  in  Table  45 . 
Initial  Marshall  tests  were  conducted  on  blended  mixtures  in 
which  an  equal  weight  of  residue  was  combined  with  a  screened 
aggregate .   No  attempt  was  made  to  blend  on  individual  screens 
and  recombine  the  individually  blended  fractions  as  a  reconsti- 
tuted mix.   Figure  51  shows  the  particle  size  distribution  of 
two  blended  mixtures  using  type  1  residue.   Figures  52  and  53 
indicate  the  particle  size  distribution  of  blended  mixtures 
using  types  2  and  3  residues,  respectively.   Each  of  these 
mixtures  is  on  the  course  or  open  side  of  the  gradation  limits. 

The  type  6  (pyrolysis)  residue  was  too  uniformly  fine 
graded  for  use  in  bituminous  base  course  mixtures.   However, 
the  material  was  blended  with  crushed  stone  for  use  in  wearing 
surface  mixtures.   The  gradation  of  this  blended  mixture  is 
shown  in  Figure  54. 

All  bituminous  wearing  surface  test  specimens  were  pre- 
pared in  accordance  with  the  procedures  outlined  in  the  Marshall 
mix  design  method  (ASTM  D1559) .   All  mixes  were  prepared  using 
the  same  standard  paving  grade  AC-20  asphalt  binder  that  was 
used  in  the  bituminous  base  course  investigation. 

In  order  to  improve  the  asphalt  adhesion  to  the  glass 
particles  contained  in  the  incinerator  residues  and  to  reduce 
the  potential  for  asphalt  stripping,  commercial  hydrated  lime 
was  added  to  some  of  the  wearing  surface  mixtures  tested.   In 
some  cases,  the  lime  was  added  to  the  residue  in  a  slurry  form, 
as  was  done  in  the  case  of  the  "Litter-crete"  mixes  at  Texas 
Transportation  Institute  (30) ,  while  in  other  cases,  the  lime 
was  added  dry  during  mixing  with  the  asphalt,  as  has  been  done 
in  the  placement  of  "glasphalt"  mixtures.2^ 


20Dr.  Ward  Malisch,  Professor  of  Civil  Engineering,  University 
of  Missouri,  Rolla,  Missouri.   Personal  communication. 
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Table  45.   Gradation  of  Crushed  Stone  Aggregate  Used  in 
Wearing  Surface  Mixtures 


Sieve  Size 
1/2"  (12.7  mm) 
3/8"  (9.52  mm.) 
#4  (4.76  mm) 
#8  (2.38  mm) 
#16  (1.19  mm) 
#30  (0.590  mm) 
#50  (0.297  mm) 
#100  (0.149  mm) 
#200  (0.074  mm) 


Percent  Passing 
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7.1.2  Results  of  Laboratory  Tests 

7.1.2.1  Marshall  Mix  Design  Tests 

An  extensive  laboratory  investigation  was  undertaken  to 
evaluate  bituminous  wearing  course  mixtures.   Laboratory  mixes 
included  all  residue  and  50  percent  residue  -  50  percent  stone 
with  2  percent  hydrated  lime  additive  and  all  residue  and  50 
percent  residue  -  50  percent  stone  without  lime.   The  results 
of  the  Marshall  mix  design  investigation  for  "as  received" 
(AR)  and  magnetic  free  (RM)  residues  are  presented  in  Table  46. 
A  summary  of  Marshall  stabilities  for  wearing  course  mixes  con- 
taining 10  percent  asphalt  by  weight  of  aggregate  is  shown  in 
Figure  55. 

As  with  the  earlier  mix  investigations,  a  somewhat  uncon- 
ventional behavior  was  noted  in  these  wearing  course  mixes. 
In  general,  however,  the  data  was  better  than  the  base  course 
mixes  in  that  some  trending  of  the  results  was  noted.   A 
principle  reason  for  the  improved  behavior  was  the  fact  that 
the  materials  (residue  and  stone)  were  screened  through  1/2 
inch  (12.7  mm)  screen,  thereby  eliminating  the  larger  particles 
which  to  some  extent  influence  Marshall  results. 

As  the  mix  material  gets  finer,  the  repeatability  and 
reproducibility  can  be  expected  to  improve.   The  larger  grada- 
tions contain  individual  particles  which  in  any  given  orienta- 
tion in  the  Marshall  test  plug  would  influence  the  testing 
result.  Moreover,  by  screening  out  the  coarser  sieve  fractions 
(cuts  1  and  2),  a  substantial  amount  of  combustible  material,  as 
indicated  in  Table  15,  is  removed.   The  absence  of  this  material, 
which  occurs  in  varying  amounts,  would  tend  to  stabilize  the 
precision  of  the  test  results. 

It  is  clear  from  Table  46  that  the  addition  of  stone  gener- 
ally enhances  the  overall  stability  of  a  mix  with  the  exception 
of  the  Type  2  material,  where  substantial  decreases  were  noted. 
The  Type  3  material  (AR/Stone)  also  shows  some  decrease  in 
Marshall  stability.   Further,  the  addition  of  lime  generally 
improves  Marshall  stabilities,  with  value  changes  from  negli- 
gible to  as  much  as  500  lbs.  (1100  kg.).   However,  no  definite 
pattern  is  evident  for  improvement  in  stability  related  to  lime 
addition. 

The  magnetically  separated  (RM)  specimens  also  showed 
irregular  behaviors  as  stabilities  both  increased  and  decreased 
to  varying  degrees.   All  stone-residue  mixes  at  10  percent 
asphalt  content  by  weight  of  aggregate  met  the  Pennsylvania 
minimum  stability  requirement  (1200  lbs.  or  2640  kg.).   With- 
out stone,  the  type  1  material  was  marginal  at  best  and  the 
type  4  material  was  unacceptable . 
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Flow  values,  as  noted  previously,  are  high  for  their  cor- 
responding asphalt  contents.   An  abnormal  pattern  of  the 
failure  curve  during  Marshall  testing  was  evident  in  the  wear- 
ing course  mixtures. 

A  reduction  of  flow  values  at  the  failure  level  by  4  to  6 
flow  units  could  possibly  be  achieved  by  manipulating  design 
factors  contributing  to  flow.   This  reduction  would  result  in 
flow  units  versus  asphalt  content  traces  more  nearly  conven- 
tional, but  still  having  noticeable  inconsistencies  compared 
to  plotted  values  for  conventional  mixtures. 

Coatability  still  presents  a  problem.   This  parameter  is 
of  prime  importance  in  wearing  courses  and  should  be  a  neces- 
sary design  parameter  for  these  mixes.   A  summary  of  coatabil- 
ity levels  for  these  mixes  is  given  in  Table  47.   Since  these 
were  subjectively  arrived  at  in  the  laboratory,  it  was  difficult 
to  be  certain  of  100  percent  coating  unless  the  loose  mix  showed 
some  sheen.   Consequently,  a  95  percent  coating  could  be  con- 
sidered acceptable,  since  it  is  probably  very  close  to  the 
proper  coating  condition.  Observations  from  this  table  include 
the  following: 

1.  Removal  of  the  ferrous  metals  reduces  coatability. 

2.  Inclusion  of  stone  improves  coatability. 

3.  The  addition  of  lime  seems  to  improve  coatability. 

The  obvious  reason  for  items  1  and  2  is  the  reduction  or 
inclusion  of  materials  which  possess  low  absorptions,  thereby 
providing  more  free  asphalt  binder  in  the  mix.   The  inclusion 
of  lime  as  a  coating  catalyst  is  less  clear.   The  lime-asphalt 
combination  may  behave  as  a  mastic  type  material,  possibly 
bridging  (by  increasing  the  binder  viscosity)  some  of  the  per- 
meable pores  in  the  residue.   This  would  contribute  to  higher 
values  of  free  asphalt,  thus  improving  coatability. 

The  addition  of  lime  and  stone  aided  in  reducing  the 
coating  problem.   However,  the  levels  of  asphalt  content  were 
still  higher  than  with  conventional  mixes.   This  parameter  must 
be  monitored  closely  with  mixes  containing  incinerator  residue 
and  it  must  be  considered  on  a  par  with  values  of  stability  and 
flow  in  selecting  a  satisfactory  mix  design. 

7.1.2.2   Additional  Marshall  Test  Results 

In  addition  to  the  evaluation  of  "as  received"  (AR)  and 
magnetic-free  (RM)  residues,  an  investigation  was  also  made 
of  the  potential  usefulness  Of  residues  subjected  to  other 
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Table  47. 

Summary  of  Coatabilit] 
Wearing 

7   levels  for  Asj 
Course  Mixes 

Percent 

Dhalt  Cone 

Type 
Residue 

Mix 
Composition 

Asphalt 
Content ^ 

Percent 
Coated2 

1 

AR 

12 

70 

AR/stone 

12 

100 

RM 

12 

75 

RM/stone 

12 

100 

AR  (No  lime) 

10 

75 

AR/stone 
(No  lime) 

10 

95 

2 

AR 

12 

100 

AR/stone 

10 

98 

RM 

12 

95 

RM/stone 

10 

98 

AR  (No  lime) 

10 

75 

AR/stone 
(No  lime) 

10 

100 

3 

AR 

12 

98 

AR/stone 

11 

100 

RM 

12 

70 

RM/stone 

12 

100 

AR  (No  lime) 

10 

60 

AR/stone 
(No  lime) 

10 

90 
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Table 

47. 

Summary  of  Coatability  : 
Wearing  Course 

Levels  for  Asphalt  Cone 
Mixes  (continued) 

Percent 

Type 
Residue 

Mix 
Composition 

Asphalt 
Content 

Percent 
Coated2 

4 

AR 

12 

70 

AR/stone 

12 

100 

RM 

12 

70 

RM/ stone 

12 

98 

AR  (No  lime) 

10 

40 

AR/stone 
(No  lime) 

10 

85 

5 

AR 

12 

60 

AR/stone 

11 

98 

AR  (No  lime) 

10 

60 

AR/stone 
(No  lime) 

10 

95 

Control  Mix 

4 

90 

Control  Mix 

5 

98 

Control  Mix 

5.5 

100 

1.  Asphalt  contents  are  based  on  dry  weight  of  aggregate. 

2.  Coatability  percentages  are  based  on  visual  observation 
and  the  judgment  of  the  operator. 
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levels  of  processing.   Crushed  (CR) ,  organic-free  (RO) ,  and 
glass-free  (RG)  residues  were  evaluated  as  aggregate  in 
bituminous  wearing  surface  mixtures.   Marshall  tests  were  also 
conducted  on  blended  mixtures  using  type  6  (pyrolysis)  residue. 
Table  48  summarizes  the  findings  of  these  tests  on  types  1,  2, 
3,  and  6  residues. 

A  study  of  Table  48  indicates  the  following: 

1.  The  removal  of  the  magnetic  fraction  from  incinerator 
residue  appears  to  enhance  the  stability  and  flow 
values  of  the  mixes  with  type  1  and  2  residues,  but 
has  a  negative  effect  on  these  parameters  for  a 

type  3  residue. 

2.  The  removal  of  the  glass  fraction  from  type  2  residue 
does  not  have  a  significant  adverse  effect  on  the 
stability  and  flow  of  the  mix.   If  glass-free  residue 
were  blended  with  crushed  stone ,  the  mix  would  prob- 
ably be  comparable  to  the  "as  received"  mix,  although 
the  table  does  not  allow  a  direct  comparison  between 
similar  "as  received"  (AR)  and  glass-free  (RG)  mixes. 

3.  The  blend  mixes  using  crushed  residue  appear  to  be 
marginal  for  use  in  wearing  surfaces  with  proper 
gradation  control.   The  stability  values  could  pos- 
sibly be  increased  so  that  the  mixes  would  meet 
minimum  design  criteria. 

4.  The  organic  free  residues  are  unacceptable  for  use 
in  bituminous  wearing  surface  mixtures. 

5.  Type  6  (pyrolysis)  residue  is  not  suitable  as  blended 
for  use  in  bituminous  wearing  surface  mixtures. 
Perhaps  with  stricter  gradation  control,  a  mix 
could  be  designed  that  would  satisfy  Marshall  design 
criteria. 

7.1.2.3   Immersion-Compression  Test  Results 

An  evaluation  of  the  anti-stripping  characteristics  of 
bituminous  concrete  wearing  surface  mixtures  containing  incin- 
erator residue  was  made  to  determine  the  retained  strength  of 
these  mixtures  after  immersion  and  to  evaluate  the  relative 
benefits  of  adding  lime  in  either  a  dry  or  slurry  form  to  the 
mixtures.   Immersion-compression  tests  were  performed  on  Marshall 
compacted  specimens  of  type  3  residue  blended  on  an  equal  weight 
basis  with  crushed  stone  and  molded  with  10  percent  asphalt  by 
weight  of  aggregate.   Three  specimens  were  molded  for  each  deter- 
mination of  compressive  strength  for  mixes  containing  no  lime, 
2  percent  dry  lime,  and  2  percent  lime  slurry. 
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Table  48.   Comparison  of  Marshall  Test  Results  for  Asphalt 
Concrete  Wearing  Surface  Mixtures  Containing 
Processed  Residues 


Type 
Residue 


Mix 
Composition 

AR/ stone 


RM/ stone 


RO/stone 


AR/stone 


RM/ stone 


CR/stone 


Percent 
Asphalt 
Content^ 

Stability 
(Lbs . ) 

Flow 
(.01  in.) 

6 

1095 

13.0 

8 

1387 

15.5 

10 

1727 

13.5 

12 

1493 

15.1 

8 

2070 

14.5 

10 

2210 

13.5 

12 

1855 

16.0 

3 

555 

8.0 

4 

733 

7.0 

6 

561 

8.0 

6 

2150 

12.0 

8 

2442 

12.9 

10 

2017 

17.3 

12 

1600 

26.0 

8 

2560 

11.5 

9 

2780 

14.0 

10 

1715 

19.5 

6 

924 

12.0 

8 

935 

14.0 

10 

1100 

21.0 
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Table  48.   Comparison  of  Marshall  Test  Results  for  Asphalt 
Concrete  Wearing  Surface  Mixtures  Containing 
Processed  Residues  (continued) 


Type 
Residue 


Mix 
Composition 

RG 

(No  Lime) 


RO/stone 
AR/ stone 


RM/stone 


CR/stone 


RO/sto'ne 
AR/ stone 


Percent 

Asphalt. 

Content 

Stability 
(Lbs.) 

Flow 
(.01  in.) 

6 

1045 

12.0 

8 

1300 

10.5 

10 

1452 

13.0 

12 

1251 

19.0 

4 

744 

12.0 

6 

2348 

11.8 

8 

2414 

12.3 

10 

1729 

16.9 

12 

1265 

17.5 

8 

1000 

12.5 

10 

1165 

13.5 

12 

1410 

17.0 

6 

677 

13.0 

8 

1130 

17.0 

10 

946 

19.0 

4 

817 

7.0 

6 

504 

13.0 

8 

707 

13.0 

10 

809 

17.0 

Asphalt  contents  are  based  on  percent  by  weight  of  aggregate. 
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The  findings  of  this  testing  are  summarized  in  Table  49. 
These  results  indicate  that  the  type  3  blended  mixes  possess 
sufficient  retained  strength  to  meet  or  exceed  current  design 
criteria  (70  percent  retained  strength) .   However,  in  order 
to  insure  a  sufficient  amount  of  retained  strength  for  such 
mixes,  it  is  recommended  that  2  percent  by  weight  of  hydrated 
lime  be  added  to  the  mix.   It  appears  somewhat  more  effective 
to  add  the  lime  to  the  mix  in  a  dry  form,  rather  than  in  a 
slurry  form.   Immersion-compression  testing  was  also  performed 
on  the  wearing  surface  mixtures  that  were  used  in  the  field 
demonstration  of  these  mixtures. 

7.1.3  Evaluation  of  Mix  Constituents 

Figure  56  contains  a  comparison  of  the  effects  of  the 
addition  of  the  different  mix  constituents  on  Marshall  stabil- 
ity.  The  mixes  shown  are  for  wearing  course  gradations  and 
all  were  at  10  percent  asphalt  by  weight  of  dry  aggregate. 
The  comparisons  were  limited  to  the  three  most  promising  resi- 
dues, that  is,  types  1,  2,  and  3.   In  general,  the  following 
observations  were  made  from  this  figure : 

1.  The  addition  of  dry  lime  generally  improves  stabil- 
ities. 

2.  The  stone  addition  improves  stabilities  compared  to 
"as  received"  materials,  except  for  the  type  2 
residue  and  the  type  3  residue  with  dry  lime. 

3.  The  lime  slurry  mixes  yielded  lower  stabilities  than 
comparable  mixes  with  dry  lime. 

4.  Except  for  the  type  1  "as  received"  mix,  all  mixes 
attained  the  minimum  1200  lbs  ( 544  kg)  stability 
set  as  a  minimum  acceptable  Marshall  stability  value. 

Although  mentioned  in  the  previous  Chapter,  it  should  be 
kept  in  mind  that  in  most  cases  maximum  stability  values  for 
incinerator  residue  paving  mixtures  occur  at  asphalt  contents 
below  that  required  for  complete  particle  coating. 

7.1.4  Determination  of  Air  Voids 

The  determination  of  air  voids  is  an  integral  part  of 
asphaltic  concrete  mix  design.   Air  voids  are  necessary  to  pro- 
vide an  adequate  volume  for  asphalt  binder  expansion.   However, 
excessive  air  voids  are  detrimental.   High  air  voids  are  nor- 
mally associated  with  increased  permeability  values  which,  in 
asphaltic  concrete  roadways,  may  reduce  pavement  longevity. 
Furthermore,  high  air  voids  are  associated  with  greater  levels 
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Table  49.   Results  of  Immers ion -Compression  Tests  of  Asphalt 

Concrete  Wearing  Surface  Mixtures  Containing  Type  3 
Residue 


Mix 
Composition 

Initial 
Strength1 

Retained 
Strength1 

Percent  of 

Retained 

Strength1 

No  Lime 

218.3 

153.9 

70.5 

2%  Dry  Lime 

230.9 

197.7 

85.6 

2%  Lime  Slurry 

230.2 

187.1 

81.3 

••■Compressive  strength  values  based  on  average  of  three  values 
and  expressed  in  pounds  per  square  inch. 

^Minimum  acceptable  percentage  is  70  percent,  based  on  current 
Federal  highway  design  criteria. 

NOTE:   1  lb/in2  =  .0703  kg/ cm2 
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of  oxidation  of  chemical  constituents  of  asphalt,  resulting  in 
an  increase  of  viscosity  (hardening)  of  the  binders  (77) . 
Oxidation  increases  asphaltine  content.   The  polar  molecules 
formed  by  oxidation  also  tend  to  link,  which  adds  to  the  harden- 
ing process. 

The  calculation  of  air  contents  and  reporting  of  same 
provides  another  measure  of  mix  design  acceptability.   Current 
Pennsylvania  specifications  for  allowable  air  voids  range  from 
3  to  5  percent  for  wearing  surface  mixtures  and  from  3  to  8 
percent  for  binder  courses. 

The  calculation  of  air  voids  for  the  incinerator  residue 
mixes  in  any  form  proved  difficult.   The  basic  obstacle  to  the 
calculation  revolves  around  the  material  itself.   The  following 
are  areas  which  contribute  to  the  difficulties  encountered  in 
air  void  determinations : 

1.  Heterogeneous  material  -  complicates  the  establishment 
of  reliable  bulk  specific  gravities. 

2.  Absorption  -  the  loss  of  free  asphalt  is  determined  as 
absorbed  asphalt  into  the  residue. 

3.  Residue  breakdown  during  mixing  and  specimen  compac- 
tion. 

The  first  two  factors  were  discussed  in  some  detail  in 
section  6.4.1.2.   The  third  factor  involves  the  effect  of  the 
Marshall  compaction  procedure  on  the  degradation  of  the  residue 
component  of  the  mix. 

Many  attempts  were  made  to  precisely  calculate  air  voids. 
Rice  specific  gravities  were  performed  on  the  residues  them- 
selves, as  well  as  on  numerous  asphalt  mixes.   Using  observed 
Rice  specific  gravities,  attempts  were  made  to  "back  out"  resi- 
due specific  gravities;  namely,  the  residue's  virtual  specific 
gravity.   Calculations  yielded  inconsistent  results.   Further, 
these  calculations  indicated  that  virtual  specific  gravity 
changed  as  a  function  of  asphalt  content  and  in  some  cases 
of  high  asphalt  contents,  virtual  specific  gravities  calculated 
above  apparent  specific  gravities,  which  is  unacceptable. 

Absorptions  were  noted  in  every  specific  gravity  deter- 
mination.  At  the  higher  asphalt  contents,  some  of  the  water 
in  the  mixes  could  have  been  surface  moisture.   However,  there 
was  never  positive  assurance  that  absorption  was  zero  at  any 
given  asphalt  content. 
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Since  reliable  virtual  specific  gravity  values  for  the  resi- 
dues were  not  established,  accurate  asphalt  absorption  values  could 
not  be  computed.   This  underscores  the  basic  problem.   Although 
mathematically,  using  the  apparent  specific  gravity  of  the 
residue,  the  mix  specific  gravity  can  be  calculated  and,  in 
general,  computes  close  to  the  observed  uncorrected  specific 
gravity  from  the  Rice  method,  no  account  is  made  for  absorp- 
tion.  This  compounds  the  problem  of  the  determination  of  air 
voids . 

The  lack  of  absorption  values  provides  no  means  of  estab- 
lishing the  effective  asphalt  content  of  a  mix  or  a  Marshall 
test  plug.   It  can  also  lead  to  the  computation  of  negative  air 
voids,  which  is  an  impossibility.   In  the  final  analysis,  air 
voids  were  computed  based  on  Rice  specific  gravities  where  de- 
termined and  on  calculated  specific  gravities  where  no  Rice  spe- 
cific gravities  were  determined.   These  calculated  specific 
gravities  were  adjusted  on  the  basis  of  the  following  observations 
made  on  wearing  course  mixes  containing  different  types  of  incin- 
erator residues: 

Type  1-calculated  specific  gravity  is  1.0%+  higher 
than  Rice  gravity. 

Type  2-calculated  specific  gravity  is  0.5%+  higher 
than  Rice  gravity. 

Type  3-calculated  specific  gravity  is  2.0%+  lower 
than  Rice  gravity. 

Type  4-calculated  specific  gravity  is  6.0%  lower 
than  Rice  gravity. 

Type  5-calculated  specific  gravity  is  2.5%  lower 
than  Rice  gravity. 

These  represent  average  values  since  no  apparent  trend 
was  noted  as  a  function  of  asphalt  content.   All  specimens 
observed  contained  stone  and  dry  lime. 

7.2   PORTLAND  CEMENT  CONCRETE  MIXTURES 

The  purpose  of  this  portion  of  the  study  was  to  deter- 
mine the  usefulness  of  incinerator  residue  as  a  replacement 
for  natural  aggregate  in  concrete  slab  construction.   A 
variety  of  concrete  mix  proportions  were  used  with  inciner- 
ator residue  and  a  blend  of  natural  aggregate  and  residue. 
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7.2.1  Residue  Selection 

Selection  of  a  suitable  residue  for  this  phase  of  testing 
was  accomplished  by  review  of  the  cement  stabilized  base  com- 
positions (Section  6.3.2),  and  a  review  of  the  characteriza- 
tion of  incinerator  residue  (Section  5.2.3). 

Compressive  strength  data  for  cement  stabilized  base 
compositions  clearly  indicate  that  the  Type  2  residue  is 
superior  to  all  other  residues  tested.   Type  2  "as  received" 
residue  compositions  developed  nearly  four  times  the  compres- 
sive strength  values  as  any  other  residue  type  for  100  percent 
residue,  and  more  than  twice  the  compressive  strength  of  any  other 
residue  for  50  percent  residue  blended  with  natural  aggregate 
in  cement  stabilized  compositions  after  7  days  of  cure  at  73°F. 
(23°C.)  and  100  percent  humidity,  as  shown  in  Table  50. 

Table  50.   Comparison  of  Compressive  Strength  Values 
for  Cement  Stabilized  Compositions,  in 
Pounds  per  square  inch. 

Amount  of  Residue  in  Mix 


Residue 

Type 

100% 

50% 

1 

2521 

482 

2 

1160 

1824 

3 

329 

828 

4 

100 

239 

5 

196 

572 

Values  are  maximum  observed  compressive  strengths 
1  lb/in2  =  .0703  kg/cm2 


The  characterization  studies  on  samples  of  incinerator 
residues  indicated  that  Type  1  and  Type  2  residues  had  the 
lowest  level  of  non-ferrous  metals  while  Type  2  residue  had 
the  lowest  carbon  content.   The  carbon  content  has  in  the 
past  been  considered  indicative  of  the  percentage  of  combus- 
tibles in  the  residue,  while  the  non-ferrous  metals  are  for 
the  most  part  considered  to  be  aluminum.   The  effect  of 
aluminum  in  contact  with  portland  cement  is  well  documented 
and  is  the  basis  of  expansive  cement  concrete  technology. 
Particular  attention  was  given  to  selecting  a  residue  with 
the  lowest  level  of  aluminum  metal  content  because  of  the 
undesirable  effects  resulting  from  reactions  of  the  alkaline 
cement  with  aluminum,  in  which  hydrogen  gas  and  expansive 
ettringite  (calcium  sulfoaluminate)  are  produced. 
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Residue  Types  3 ,  4 ,  and  5  were  characterized  as  having 
3  times  the  aluminum  content  of  Types  1  and  2.   Selection 
Of  Type  2  residue  as  a  suitable  candidate  for  portland 
cement-residue  concrete  studies  was  conditioned  by  the  fact 
that  anticipated  expansive  characteristics  and  the  degree 
of  expansion  experienced  would  govern  the  extent  of  inves- 
tigations of  other  residue  types. 

7.2.2   Incinerator  Residue-Portland  Cement  Concrete  Mixes 

The  initial  phase  of  testing  was  conducted  to  determine 
the  characteristics  of  the  plastic  cement-residue  concrete 
mix  as  well  as  the  hardened  concrete  strength  development, 
volume  stability,  and  stress-strain  relationship  as  compared 
to  conventional  or  lightweight  concrete  mixes . 

7.2.2.1  Portland  Cement  Concrete  Mix  Proportioning 

Concrete  mixtures  2-1  through  2-17  were  made  with  100 
percent  Type  2  "as  received"  residue  and  proportioned  by 
cement  versus  aggregate  ratio  and  total  water  versus  cement 
ratio  by  weight.   Initially,  the  cement  versus  aggregate 
ratios  were  based  on  ratios  that  are  commonly  used 
in  concrete  practice.   Next,  several  total  water  versus 
cement  ratios  covering  a  reasonable  range  of  values  were 
used.   These  proportioning  considerations  are  essentially 
consistent  with  normal  weight  concrete  proportioning  philo- 
sophy . 

The  actual  propostions  of  each  concrete  mix  batched  are 
presented  in  Table  51.   The  proportions  of  cement,  residue,  and 
water  were  computed  as  pounds  per  cubic  yard  based  on  wet  unit 
weight  measurements  of  the  plastic  concrete  mix. 

The  water  requirement  is  represented  as  the  total  water 
in  the  concrete.   The  available  water  for  hydration  of  cement, 
commonly  referred  to  as  mixing  water  in  natural  aggregate 
concretes,  is  computed  conventionally  by  subtracting  the 
water  absorbed  by  the  aggregate  from  the  total  mix  water. 
The  water  versus  cement  ratio  is  normally  based  on  the 
mixing  water  requirement,  but,  due  to  the  high  absorption 
(estimated  at  12  percent  to  27  percent)  of  incinerator 
residue  and  the  failure  of  conventional  testing  procedures  to 
identify  the  absorption  requirement,  the  water  versus  cement 
ratio  was  computed  on  a  total  water  basis. 

7.2.2.2  Batching  Procedures 

ASTM  standards  were  adhered  to  in  all  tests  conducted 
in  this  study  except  where  procedural  difficulties  were 
encountered.   Wherever  procedures  deviated  from  standards, 
the  procedure  used  will  be  described  in  detail. 
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Table  51.   Batch  Proportions  for  Residue  Concrete  Mixes 


Mix 
No. 

Cement 
(Lbs/yd3) 

Dry 

Residue 

(Lbs/yd3) 

Total 

Water 

(Lbs/yd3) 

Total 
Water 

vs 
Cement 

Cement 

vs 
Residue 

Wet 
Unit 
Weight 
(Lbs/ft3) 

2-1 

437 

2261 

631 

1.44 

0.19 



2-2 

494 

2083 

677 

1.37 

0.24 

121 

2-3 

507 

1961 

682 

1.35 

0.26 

117 

2-4 

635 

1872 

603 

0.95 

0.34 

124 

2-5 

589 

2003 

559 

0.95 

0.29 

126 

2-6 

567 

2092 

539 

0.95 

0.27 

129 

2-7 

538 

1953 

511 

0.95 

0.28 

130 

2-8 

804 

1386 

942 

1.17 

0.58 

116 

2-9 

768 

1919 

729 

0.95 

0.40 

127 

2-10 

664 

1464 

903 

1.36 

0.45 

112 

2-11 

793 

1762 

753 

0.95 

0.45 

123 

2-12 

909 

2033 

594 

0.65 

0.45 

131 

2-13 

778 

1936 

551 

0.71 

0.40 

121 

2-14 

730 

2167 

559 

0.77 

0.34 

128 

2-15 

698 

2439 

698 

1.00 

0.29 

142 

2-16 

526 

2215 

618 

1.18 

0.24 

124 

2-17 

604 

1687 

913 

1.51 

0.36 

119 

1  lb/yd3  =  .59  kg/m3 
1  lb/ft3  =  16.02  kg/m3 
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Concrete  batching  procedures  deviated  from  ASTM  C  192  - 
69,  "Concrete  Test  Specimens,  Making  and  Curing  in  the  Labora- 
tory," in  that  after  all  ingredients  were  added,  the  batch 
was  mixed  for  ten  minutes  due  to  the  high  absorption 
potential  and  subsequent  changes  in  slump. 

After  the  batch  was  sufficiently  mixed,  the  slump,  wet 
unit  weight,  and  air  content  tests  were  performed  and  com- 
pressive strength  test  cylinders  and  stress-strain  specimens 
were  fabricated. 

The  dimensions  of  compressive  strength  specimens  were 
3  inches  (76.2  mm)  in  diameter  by  6  inches  (152.4  mm) length. 
Figure  57  shows  a  typical  residue  concrete  specimen  molded 
for  testing.   Specimens  were  molded  in  steel  reusable  split 
molds.   Four  to  six  specimens  were  molded  for  compression 
testing  with  one  specimen  tested  at  7  days  and  three  at  28 
days  of  cure  at  73°  F.  (23°  C.)  and  100  percent  humidity. 

After  7  days  cure,  all  3  inch  (76.2  mm)  by  6  inch 
(152.4  mm)  specimens  were  measured  and  weighed  to  compute 
saturated  unit  weight  of  the  hardened  concrete. 

Remaining  specimens  were  removed  from  control  humidity/ 
temperature  storage  after  28  days  of  cure  and  visually  inspec- 
ted over  a  period  of  three  to  twelve  months  under  normal 
laboratory  room  conditions.   Stress-strain  specimens  were 
molded  in  standard  commercial  6  inch  (152.4  mm)  by  12  inch 
(304.8  mm)  wax  coated  cardboard  molds.   Stress-strain  speci- 
mens were  cured  at  73°  F.  (23°  C.)  and  100  percent  humidity 
for  2  8  days  prior  to  testing. 

7.2.2.3  Compressive  Strength  Testing  of  Residue 
Concrete  Mixes 

Table  52  summarizes  the  results  of  the  7  day  and  28  day 
compressive  strength  tests  for  the  Type  2  residue  concrete 
mixes.   Only  one  of  these  mixes,  the  mix  with  the  highest 
cement  content,  exhibited  compressive  strengths  in  excess 
of  2,000  psi  after  28  days. 

A  comparison  of  28  day  compressive  strength  values  from 
Table  52  with  the  cement  content  of  the  mixes  is  presented 
in  Figure  58.   As  expected,  compressive  strengths  generally 
increase  as  the  cement  content  of  the  mix  is  increased. 
Mix  2-12  had  the  highest  compressive  strength  and  the  highest 
cement  content.   Mixes  2-1,  2-2,  and  2-3  had  the  lowest  com- 
pressive strengths  and  cement  contents. 
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Figure  57.   Typical  portland  cement  concrete  specimen 
containing  Type  2  residue. 
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Table  52 .   Compressive  Strength  Data  for  Residue  Concrete  Mixes 

Compressive  Strength 


Mix 
No. 

Cement 
(Lbs/yd3) 

Total  Water 
(Lbs/yd3) 

Slump 
(Inches ) 

(Lbs 
7  Day 

3/in^) 

28  Day 

2-1 

437 

631 

5- 

■1/4 

502 

791 

2-2 

494 

677 

7 

492 

771 

2-3 

507 

682 

8 

637 

820 

2-4 

636 

603 

7 

675 

1052 

2-5 

589 

559 

3 

877 

1221 

2-6 

567 

539 

1- 

■1/4 

866 

1018 

2-7 

538 

511 

0 

1174 

1576 

2-8 

804 

942 

10 

955 

1108 

2-9 

768 

729 

4 

764 

1440 

2-10 

664 

703 

10 

1156 

1449 

2-11 

793 

753 

8 

1301 

1393 

2-12 

909 

594 

0 

2058 

2603 

2-13 

778 

551 

0 

979 

1252 

2-14 

730 

559 

2- 

■1/2 

1036 

1188 

2-15 

698 

698 

2- 

-1/2 

1149 

1337 

2-16 

526 

618 

2- 

-1/2 

764 

1228 

2-17 

604 

913 

10 

658 

943 

1  inch  =  25 .4  mm 

1  lb/yd3  =  .59  kg/m3 

1  lb/in2  =  .0703  kg/ cm2 
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Variations  in  the  28  day  compressive  strength  values  with 
water-cement  ratio  of  the  mixes  is  shown  in  Figure  59.   Basic- 
ally, as  the  water-cement  ratio  of  the  mix  increases,  the 
compressive  strength  decreases.   There  were,  however,  some 
exceptions.   Although  mixes  2-12  and  .2-13  had  approximately 
the  same  water-cement  ratio  and  no  slump,  the  compressive 
strength  of  one  was  nearly  double  that  of  the  other.   Similar- 
ly, mix  2-10  had  almost  twice  the  compressive  strength  of  mixes 
2-1  and  2-3  at  a  higher  slump,  despite  the  fact  that  the  water- 
cement  ratios  for  all  three  mixes  were  roughly  the  same. 

The  effect  of  the  moisture  content  of  the  residue  at 
the  time  of  mixing  was  considered  most  important  in  deter- 
mining the  total  water  requirement  for  each  mix.   The  moisture 
contained  in  the  residue  prior  to  mixing  ranged  from  7  to  25 
percent  and  was  accounted  for  in  each  mix  in  terms  of  the 
added  water  and  subsequent  workability  of  the  mix.   In 
general,  workability  was  determined  by  the  combined  effect 
of  residue  moisture  content  and  added  water,  although  some 
mixes  with  medium  to  high  residue  moisture  contents  and 
moderate  additions  of  water  had  comparatively  low  slump 
values.   This  is  probably  due  in  part  to  the  absorptive 
nature  of  the  residue,  so  that  much  of  the  moisture  content 
is  not  free  water. 

In  all  concrete  hatchings,  hydrogen  gas  generation  was 
observed  within  the  first  twenty  minutes  after  all  the  batch 
constituents  were  added.   The  first  indications  were  noted 
during  air  content  determinations .   The  air  content  would 
not  stabilize,  therefore,  the  air  content  tests  were  dis- 
continued.  The  second  manifestation  was  in  the  form  of  foam 
along  the  top  surface  of  molded  test  specimens.   The  gas 
forming  the  foam  was  ignited  in  the  presence  of  a  flame. 

The  generation  of  foam  continued  as  long  as  the  mortar 
was  plastic.   The  foam  generation  was  accompanied  by  the 
expansion  along  the  vertical  axis  of  the  molded  specimens. 
Both  phenomena  appeared  to  stop  when  the  concrete  final  set 
was  achieved,  approximately  2  to  3  hours  after  batching.   No 
slump  or  low  slump  concrete  mixes  with  essentially  no  work- 
ability exhibited  less  expansion  and  little  or  no  generation 
of  foam  while  moderate  to  high  slump  concrete  produced  more 
expansion  with  accompanied  foam  generation. 

Figure  60  shows  a  concrete  cylinder  that  clearly  illus- 
trates the  effects  of  hydrogen  gas  generation  and  volume 
expansion.  All  concrete  mixes  expanded  between  3/8  inches 
to  5/8  inches  in  height  for  6  inch  (152.4  mm)  by  12  inch 
(304.8  mm)  cylinders,  while  slump  tests  varied  from  0  inches 
to  10  inches.   Variations  in  residue  moisture  content,  and 
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Figure  60. 


Portland  cement  concrete  cylinder  showing 
effects  of  volume  expansion. 
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absorption  characteristics  caused  the  slump  and  workability 

to  change  drastically  with  essentially  the  same  cement,  residue, 

and  total  water  proportions. 

Visual  inspection  of  molded  specimens  indicated  contin- 
ued aluminum- cement  reactivity  in  the  form  of  cracking  and  spal- 
ling  on  the  concrete  surfaces  during  and  after  the  2  8  day  cure 
period.   Close  examination  of  the  unstable  areas  revealed 
the  presence  of  white  particulates,  encrusted  aluminum  metal 
fragments,  bottle  caps,  etc.   An  example  of  the  effect  of 
aluminum-cement  reactivity  is  shown  in  Figure  61. 

Because  of  the  variable  effect  of  the  weak  mortar  in 
the  top  portion  of  the  test  specimens  caused  by  the  expansion 
and  foam  generation,  compressive  strength  data  in  this  phase 
of  testing  is  not  conclusive.   Specimens  tested  in  compression 
after  7  days  cure  developed  failure  planes  in  the  top  20 
percent  of  the  cylinder.   Companion  cylinders  with  the  top 
20  percent  or  2  inches  (50.8  mm)  removed  prior  to  testing 
developed  72  percent  higher  strength  than  the  "as  molded" 
specimens  at  7  days  cure.   Table  53  illustrates  the  effect 
of  the  weak  zone  on  compressive  strength  development  of  the 
cylinders. 

Table  53.   Comparison  of  Compressive  Strength  Values 
for  Normal  and  Reduced  Height  Cylinders  of 
Residue  Concrete  Mixes. 

7  Day  Compressive  Strength  (lbs/in2) 


Mi: 

c  NO. 

2- 

-1 

2- 

-2 

2- 

-4 

2- 

-5 

2- 

-6 

Normal 

Reduced 

Cylinders 

Cylinders 

502 

6581 

492 

98ll 

675 

1176 

877 

1492 

866 

11621 

1 


Specimens  were  cut  from  the  previously  tested  specimens 
1  lb/in2  =  .0703  kg/cm2 


Review  of  data  for  the  initial  phase  of  testing  for 
Type  2  residue  concrete  mixes  has  identified  two  critical 
problems  in  developing  a  promising  cement-residue  formulation 
for  highway  slabs.   First,  the  non-ferrous  metal  (aluminum) 
in  the  residue  has  contributed  to  disruptive  levels  of 
expansion  and  rendered  questionable  compressive  strength 
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Figure  61.   Portland  cement  concrete  cylinder  showing 
effects  of  aluminum-cement  reactivity. 
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data.   Second,  the  high  absorption  characteristics  of  incin- 
erator residue  and  relatively  low  wet  unit  weights  in  the  110 
to  130  pounds  per  cubic  foot  (1762  to  2083  kilograms  per 
cubic  meter)  range  suggest  that  the  residue-concrete  is 
similar  to  lightweight  aggregate  concrete. 

7.2.2.4   Stress-Strain  Evaluation 

Table  54  presents  the  results  of  a  stress-strain  evalua- 
tion of  the  mixes.   This  table  indicates  the  range  of  stress 
and  strain  values  and  compares  the  measured  and  computed 
values  for  modulus  of  elasticity.   Figure  62  shows  a  plot  of 
the  stress-strain  curves  for  four  of  the  mixes  tested.   Mix 
2-1  has  a  comparatively  low  modulus  of  elasticity,  as  charac- 
terized by  the  high  unit  stress  at  low  ultimate  strength. 
This  mix  is  contrasted  with  mix  2-12,  which  exhibits  much 
less  strain  at  considerably  higher  stress  levels.   Two  other 
mixes  falling  in  between  these  extremes  are  also  shown. 

7.2.3   Incinerator  Residue  Mixes  Blended  with  Stone 

The  second  phase  in  this  study  incorporated  the  5  0 
percent  replacement  of  natural  aggregate  with  incinerator 
residue.   It  was  hoped  that  the  problems  cited  initially  (reac- 
tivity of  aluminum  in  residue  with  cement  and  the  large  volume 
of  water  absorption  by  the  incinerator  residue)  would  be  reduced 
to  some  extent.   In  this  phase,  concrete  proportioning  was  con- 
sistent with  lightweight  aggregate  concrete  technology  in  that 
cement  levels  were  investigated  at  comparable  levels  of  work- 
ability.  To  this  end,  the  residue  was  maintained  at  a  constant 
moisture  content  and  mixing  water  was  added  to  maintain  a  constant 
slump . 

7.2.3.1   Concrete  Mix  Proportioning 

Materials  other  than  incinerator  residue  were  sampled 
from  a  Pennsylvania  Department  of  Transportation  approved 
aggregate  source  for  concrete  slab  construction.   The  fine 
and  coarse  aggregate  capability  was  verified  by  laboratory 
trial  mix  using  the  PennDOT  approved  mix  design  for  slab  con- 
crete for  this  aggregate  source .   PennDOT  Class  AA  concrete 
at  a  slump  of  2-1/2  inches  (63.5  mm)  on  the  job  requires  a 
compressive  strength  of  3750  psi  after  2  8  days  of  laboratory 
cure.   The  laboratory  mix  satisfied  the  strength  development 
and  workability  requirements. 

The  replacement  of  natural  aggregate  in  this  phase  of 
testing  was  accomplished  by  substituting  Type  2  residue  for 
some  of  the  natural  aggregate  so  that  a  50/50  weight  ratio  of 
residue  and  aggregate  was  attained  throughout  the  full  range 
of  particle  sizes.   Table  55  indicates  the  individual 
and  combined  gradations  used  in  this  phase  of  the  investigation. 
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Table  54.  Results  of  Stress-Strain  Evaluation  of  Residue 
Concrete  Mixes 


Specimen 

Ultimate 
Strength 
(lbs  /in  2) 

420 

Modulus 
Elasticity  X  1C 
Measured 

0.79 

of 

)6  (lbs  /in  2) 
Computed 

0.97 

Ultimate 
Strain  X  10~6 

No. 

(in/in) 

2-1 

3333 

2-2 

620 

0.99 

1.13 

1875 

2-3 

516 

0.81 

0.98 

1683 

2-5 

940 

1.45 

1.52 

1300 

2-6 

850 

1.29 

1.45 

2433 

2-7 

1170 

2.11 

1.51 

642 

2-8 

1036 

1.19 

1.28 

1458 

2-9 

970 

1.5 

1.45 

1467 

2-10 

620 

1.0 

1.0 

967 

2-11 

1110 

1.47 

1.48 

1350 

2-12 

1400 

2.13 

1.86 

975 

2-13 

910 

1.23 

1.24 

1542 

2-14 

830 

1.26 

1.49 

2917 

2-15 

840 

1.01 

1.46 

4083 

2-16 

665 

0.79 

1.26 

5000 

2-17 

764 

1.30 

1.08 

783 

1  in .  =  25.4  mm 

1  lb  /in.  =  .0703  kg  /cm  2 
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Figure  62.   Stress-Strain  Curves  For  Residue  Concrete  Mixes. 
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Selection  of  an  optimum  moisture  level  for  Type  2 
residue  was  based  on  review  of  unit  weight  determinations  at 
initial  batching  and  after  7  days  of  cure.   Additional  con- 
siderations were  the  initial  moisture  content  of  the  residue 
and  ease  of  controlled  drying  of  100  to  200  pound  (45.4  to  90.7 
kilogram)  samples  of  residue.   Moisture  content  and  unit 
weight  information  from  the  initial  phase  of  the  investigation 
was  used  to  arrive  at  a  reasonable  range  of  acceptable  initial 
moisture  contents:   Table  56  summarizes  these  observations. 


Table 

56.   Comparison  of  Concrete 

Unit  Weight 

Variations 

with  Residue  Moisture 

Content 

RESIDUE 

INITIAL 

MOISTURE 

WET  UNIT 

UNIT  WEIGHT 

NET 

MIX 

CONTENT 

WEIGHT 

@  7  DAYS 

CHANGE 

NO. 

(Percent) 

(lbs/ft3) 

(Tbs/ft3) 

(Percent) 

2-2 

7.8 

120.5 

119.4 

-   1.1 

2-3 

7.8 

116.8 

115.2 

-   1.6 

2-14 

7.9 

128.0 

130.2 

+   2.2 

2-10 

10.7 

124.4 

125.5 

+   1.1 

2-17 

18.1 

118.7 

108.1 

-  10.6 

2-12 

20.0 

130.5 

126.8 

-   3.7 

2-9 

25.0 

126.5 

121.8 

-   4.7 

2-7 

25.2 

129.5 

117.2 

-  12.3 

1  lb/ft3  =  16.02  kg/m3 


Conclusions  were  not  quantitative,  but  low  moisture  levels 
in  the  residue  were  accompanied  by  only  slight  changes  in  unit 
weight  over  the  7  day  cure  period.   High  initial  moisture  con- 
tents in  residue  produce  weight  losses  which  range  from  typical 
to  exaggerated  when  compared  to  natural  aggregate  concretes. 
The  greatest  residue  moisture  content  from  which  near  normal 
weight  loss  can  be  expected  would  occur  in  the  12  to  18  percent 
range . 

Sixteen  percent  moisture  content  was  finally  selected 
from  practical  considerations.   Controlled  drying  of  residue 
samples  of  several  hundred  pounds  required  continual  attention. 
When  time  permitted,  residue  was  spread  over  large  areas  to  air 
dry  for  a  week  or  more  at  ambient  temperatures  and  humidity. 
Resulting  moisture  content  could  be  adjusted  to  16  percent  by 
the  application  of  water  or  by  hot  air  forced  drying.   This 
method  provided  the  bulk  of  the  residue  needed  in  this  phase 
of  testing.   For  faster  production,  continuous  hot  air  circula- 
tion effectively  lowered  the  moisture  content  to  the  16  to  20 
percent  level,  but  lower  moisture  contents  were  not  attainable 
without  manual  tilling  of  the  residue. 
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Concrete  Mixes  2-18  through  2-24  were  proportioned  with  a 
50/50  blend  by  weight  of  Type  2  residue -natural  aggregate.   The 
effects  of  cement  levels  were  investigated  at  cement  versus 
aggregate  ratios  in  the  range  of  0.16  to  0.34,  while  the  total 
water  requirement  was  restricted  by  a  slump  range  of  2  to  3-1/2 
inches  (50.8  to  88.9  mm).   The  proportioning  procedures  followed 
conventional  practices  for  proportioning  lightweight  aggregate 
concrete  mixes.   Cement-aggregate  ratios  for  both  100  percent 
and  50  percent  residue  mixes  were  selected  to  produce  concretes 
in  a  practical  range  of  cement  contents,  i.e.,  400  to  900 
pounds  per  cubic  yard  (236  to  531  kilograms  per  cubic  meter) . 

Batch  proportions  for  the  mixes  formulated  in  this  phase 
of  the  program  with  50  percent  residue  are  summarized  in 
Table  57.   For  the  100  percent  residue  concrete  mixes,  the 
batch  proportions  were  summarized  in  Table  51. 

7.2.3.2  Batching  Procedures 

The  standard  testing  procedures  and  the  referenced  varia- 
tions documented  in  initial  phase  of  testing  with  100  percent 
residue  were  continued  through  the  second  phase  with  50  percent 
residue  in  the  mixes.   The  number  of  specimens,  curing,  age  at 
test,  etc.,  were  maintained  as  previously  indicated. 

7.2.3.3  Compressive  Strength  Testing  of  Residue-Aggregate 
Concrete  Mixes 

Summaries  of  compressive  strength  of  specimens  formed  from 
these  mixes  are  included  in  Table  58.   All  of  the  6"  by  12" 
molded  test  specimens  elongated  at  least  5/8  of  an  inch  (15.88  mm). 
Foaming  and  expansion  were  essentially  the  same  as  that  observed 
in  the  100  percent  residue  concrete  batches.   All  seven  mixes 
had  essentially  the  same  slump  and  produced  foaming  and  expan- 
sion for  several  hours  after  batching.   Visual  inspections  of 
specimens  at  later  ages  up  to  six  months  also  indicated  continued 
aluminum-cement  activity,  causing  spalling  and  cracking  of  the 
concrete  surface. 

Strength  levels  of  the  50  percent  residue  mixes  after  7 
and  2  8  days  improved  in  comparison  to  100  percent  residue  mixes. 
However,  when  compared  to  natural  aggregate  concrete  for  high- 
way slab  construction,  the  50  percent  residue  mixes  were  all 
40  to  50  percent  below  design  strength. 

Compressive  strength  development  was  to  a  limited  degree 
proportional  to  the  water-cement  ratio,  which  is  to  be 
expected  from  lightweight  aggregate  concrete.   Comparisons 
of  cement  level  and  compressive  strength  development  indicated 
no  strength  change  in  specimens  with  cement  contents  greater 
than  605  pounds  per  cubic  yard  of  concrete  after  curing  for 
28  days. 
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Table  57.   Batch  Proportions  for  Residue-Aggregate  Concrete  Mixes 


Mix 
No. 

Cement 
(lbs/yd3) 

Dry  Residue 
(lbs/yd3) 

Aggregate 
(lbs/yd3) 

Total  Water 
(lbs/yd3) 

Unit  Weight 
(lbs/ft3) 

2-18 

605 

1280 

1485 

486 

143 

2-19 

650 

1257 

1411 

498 

142 

2-20 

691 

1243 

1367 

520 

142 

2-21 

729 

1337 

1290 

408 

139 

2-22 

861 

1268 

1256 

419 

138 

2-23 

781 

122. 

1257 

513 

140 

2-24 

436 

1065 

1706 

555 

140 

1   lb/yd3  =    .59  kg/m3 
1  lb/ft3  =   16.02   kg/m3 


Table  58.   Compressive  Strength  Data  for  Residue-Aggregate 
Concrete  Mixes 


Mix 
No. 

Tctal  Water 
vs 
Cement 

Cement 
vs 
Aggregate 

Slump 
(Inches) 

Compressive  Strength 

(Lbs/in2) 
7  Day         2  8  Day 

2-18 

0.80 

0.18 

2-1/2 

1733 

2140 

2-19 

0.77 

0.24 

3-1/2 

1443 

1670 

2-20 

0.75 

0.27 

3 

1542 

1945 

2-21 

0.56 

0.28 

2-1/2 

1591 

2182 

2-22 

0.49 

0.34 

3 

1605 

2160 

2-23 

0.66 

0.31 

2 

983 

1252 

2-24 

1.27 

0.16 

2-1/2 

1054 

1509 

1  in  =  25.4  mm=  2.54  cm 
1  lb/in2  =  .0703  kg/cm2 
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The  data  in  this  and  the  previous  phases  of  testing  is 
not  sufficient  to  determine  the  total  extent  of  the  effect  of 
the  aluminum-cement  reaction  on  strength.   The  problems  identi- 
fied earlier  still  exist,  but  for  the  5  0  percent  residue  mixes 
the  high  absorption  characteristics  of  the  incinerator  residue 
can  be  controlled.   The  more  critical  problem  is  still  the 
presence  of  aluminum.   The  50  percent  reduction  of  the  residue 
content  in  the  second  phase  of  the  testing  did  little  to  reduce 
the  generation  of  foam  and  expansion  of  molded  specimens.   The 
ultimate  strength  of  residue  concrete  appears  to  be  controlled 
by  the  strength  of  the  residue  itself  as  an  aggregate. 

7.2.4  Mixes  Designed  to  Control  Aluminum  Reaction 

The  third  phase  of  concrete  mix  testing  was  devoted  to 
attempting  to  control  the  akuminum  reaction  in  the  concrete 
mixes.   This  was  done  by  pre-reacting  the  aluminum  in  the 
residue  with  lime  or  cement  using  methods  which  could  be 
practically  implemented  on  a  large  scale. 

The  first  attempt  to  pre-react  the  aluminum  in  residue 
was  made  with  a  low  cement  addition  to  the  residue  in  a 
slurry  consistency.   Batching  of  slurries  was  done  on  a  vol- 
ume basis.   Residue  volume  was  determined  by  filling  a  one-half 
cubic  foot  (14.16  liter)  bucket  in  three  lifts;  rodding  each 
lift  25  times  then  filling  all  remaining  voids  with  water  to 
provide  a  suitable  slurry.  More  water  was  added  as  needed  to 
maintain  proper  consistency. 

The  cement-residue  slurries  were  prepared  using  cement 
contents  of  94  and  188  pounds  per  cubic  yard  (55.5  to  110.0 
kilograms  per  cubic  meter)  of  slurry.   The  slurry  was  mechan- 
ically mixed  for  a  period  of  twenty  minutes  and  stored  in  a 
sealed  container  for  four  days.   Concrete  mixes  2-25  through 
2-2  8  were  batched  with  the  pre-reacted  residue  on  the  fifth  day 
after  mixing.   Table  59  summarizes  batch  proportions  and  results. 
Proportioning  and  batching  procedures  used  in  phase  2  were 
maintained  throughout  phase  3  work.   Each  of  the  above 
mixes  produced  foam  and  up  to  3/8  inch  (9.53  mm)  elongation  in 
the  6  inch  (152.4  mm)  by  12  inch  (304.8  mm)  specimens.   Clearly, 
the  twenty  minute  slurry  period  did  not  sufficiently  pre- 
react  the  aluminum. 
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Table  59.   Batch  Proportions  and  Compressive 

Strength  Data  for  Short  Term  Cement- 
Residue  Slurry  Mixes. 


CEMENT 

CEMENT 

28  DAY 

LEVEL  OF 

LEVEL  OF 

COMPRESSIVE 

MIX 

SLURRY 

PERCENT 

CONCRETE 

SLUMP 

STRENGTH 
(lbs/ in2) 

NO. 

(lbs/yd3) 

RESIDUE 

(lbs/yd3) 

(INCHES) 

2-25 

94 

100 

850 

2 

1185 

2-26 

94 

50 

694 

3 

1230 

2-27 

188 

100 

809 

2 

1130 

2-28 

188 

50 

636 

3-1/2 

1390 

1  inch  =  25 .4  mm 

1  lb/yd3  =  .59  kg/m3 

1  lb/in2  -    .0703  kg/ cm2 


The  second  attempt  to  pre-react  the  aluminum  was  made 
using  a  longer  time  period  while  maintaining  a  fluid  condition. 
Four  55  gallon  (208.2  liter)  drums  were  used  to  store  two 
lime-residue  slurries  and  two  cement-residue  slurries. 

The  slurries  were  batched  by  measuring  the  residue  in 
one-half  cubic  foot  (14.16  liter)  buckets  as  before,  but 
initial  mixing  of  residue  with  lime  or  cement  was  performed  in 
a  concrete  mixing  trough  using  a  shovel  and  a  rake.   The  lime  or 
cement  was  proportioned  at  94  pounds  per  cubic  yard  (55.5  kilo- 
grams per  cubic  meter)  of  slurry.   After  mixing,  the  slurries 
were  placed  in  55  gallon  (208.2  liter)  drums  and  water  levels 
were  maintained  above  the  residue.   The  slurries  were  mixed 
by  hand  daily.   One  drum  of  lime  slurry  and  one  drum  of 
cement  slurry  was  dumped  and  permitted  to  air  dry  after 
two  weeks  of  pre-reaction.  The  remaining  two  drums  were 
emptied  and  permitted  to  air  dry  after  four  weeks  of  pre- 
reaction. 

Observations  in  the  days  following  the  initial  mixing  of 
the  slurries  revealed  a  vigorous  boiling-like  action  caused 
by  rapid  gas  evolution  from  within  the  slurry.   Initially, 
there  was  no  visible  difference  in  the  gas  forming  activity 
in  any  of  the  drums.   After  one  week,  gas  generation  in  the 
lime  slurry  drums  was  still  active  as  the  slurry  stood  in 
the  drums.   Mixing  the  lime  slurry  increased  the  reactivity  and 
evolution  of  gas.   After  three  to  five  days,  there  was  a 
noticeable  reduction  in  gas  forming  activity  in  the  cement 
slurry  drums . 
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Concrete  mixes  2-29  through  2-41  were  proportioned 
using  the  pre-reacted  residue  as  a  50  percent  replacement 
for  natural  aggregate.   Three  cement  levels  were  investiga- 
ted in  the  500  to  700  pounds  per  cubic  yard  (295  to  413 
kilograms  per  cubic  meter)  range.  As  before,  the  slump  was 
maintained  at  approximately  2  inches  (63.5  mm).   Batching, 
sampling  and  testing  procedures  were  consistent  with  pre- 
viously described  methods.   The  foaming  and  expansion  of 
molded  test  specimens  were  eliminated.   Some  isolated  areas 
of  gas  emission  were  observed  in  all  specimens  molded,  but 
no  expansion  was  measureable. 

Table  60  summarizes  the  batch  proportions  used  for  the 
long  term  pre-reacted  mixes.   The  compressive  strength 
development  of  these  mixes  according  to  pre-reacting  agent 
and  slurry  time  period  is  shown  in  Table  61.   Table  62 
presents  a  summary  of  these  two  tables,  in  order  to  provide 
a  basic  comparison  of  the  effects  of  lime  and  cement  slurry 
treatment. 


Table  62. 


Cement  Content 


Summary  of  Compressive  Strengths  for 
Long  Term  Pre-reacted  Residue-Aggregate 
Mixtures. 

28  Day  Compressive  Strength  (Lbs/in^ ) 
2~Week  Slurry  A  Week  Slurry 

Lime    Cement         Lime   Cement 


700  +  15  lbs. 
580  +  20  lbs. 
510  +  10  lbs. 


1910 

2490 

1915 

2560 

2100 

1880 

3345 
3085 
3420 


3165 
2015 
2670 


Generally,  short  term  pre-reaction  showed  no  improvement 
in  the  concrete  made  from  the  pre-reacted  residue.   Foaming 
and  expansion  were  evident,  cracking  and  spalling  of  specimens 
during  the  cure  period  were  still  observed  and  there  were  no 
strength  increases. 

Long  term  pre-reacted  residue-aggregate  mixes  showed 
improvement  in  both  lime  and  cement  slurries  for  both  the 
two  and  four  week  trials.   No  foaming  or  expansion  was 
observed  in  the  wet  concrete  specimens.   No  cracking 
or  spalling  was  noted  during  the  curing  period,  and 
compressive  strengths  were  generally  improved.   Neverthe- 
less, even  with  extensive  pre-reaction,  it  was  not  possible 
to  attain  strength  values  considered  acceptable  for  use  in 
concrete  slab  construction. 
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Table  61.   Compressive  Strength  Data  for  Long  Term  Pre-reacted 
Residue-Aggregate  Mixes 


Pre-reacting 
Agent 

Time  of 
Slurry  Period 

Mix  No. 

(lbs/in^) 
7  Day       28  Day 

Cement 

2 

weeks 

2-29 

2475 

2490 

Cement 

2 

weeks 

2-30 

1980 

2560 

Cement 

2 

weeks 

2-31 

1730 

1880 

Cement 

4 

weeks 

2-35 

2580 

3166 

Cement 

4 

weeks 

2-36 

2180 

2670 

Cement 

4 

weeks 

2-37 

1630 

2015 

Lime 

2 

weeks 

2-32 

1730 

1910 

Lime 

2 

weeks 

2-33 

1520 

1915 

Lime 

2 

weeks 

2-34 

1560 

2095 

Lime 

4 

weeks 

2-38 

2945  (14 

day) 

3345 

Lime 

4 

weeks 

2-39 

2770(14 

day) 

3085 

Lime 

4 

weeks 

2-40 

2360(14 

day) 

3420 

Lime  4  weeks        2-41 

^Represents  3  point  flexural  strength. 

1  lb/in2  =  .0703  kg/cm2 


312 
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Although  the  use  of  incinerator  residue  as  a  partial 
replacement  for  aggregate  in  portland  cement  concrete  is 
not  feasible,  a  brief  investigation  was  also  made  of  the 
possible  use  of  Type  6  (pyrolysis)  residue  in  portland 
cement  concrete  mixes .   A  mix  was  proportioned  and  batched 
in  which  50  percent  by  weight  of  the  total  aggregate  was 
residue  from  the  Union  Carbide  Purox  process  in  South 
Charleston,  West  Virginia.   The  cement  content  was  set  at 
617  pounds  per  cubic  yard  (364  kilograms  per  cubic  meter) 
with  a  water-cement  ratio  of  0.4.   The  mix  proved  to  be 
quite  stiff  with  no  measurable  slump. 

After  seven  days  the  compressive  strength  of  a  test 
specimen  of  the  Purox  residue  aggregate  mix  was  3310  pounds 
per  square  inch  (232.7  kilograms  per  square  centimeter).   After 
twenty-eight  days  the  compressive  strength  of  this  mix  was  4046 
pounds  per  square  inch  (284.4  kilograms  per  square  centimeter). 
No  adverse  foaming  or  volume  expansion  characteristics 
accompanied  the  batching  of  this  mix. 

On  the  basis  of  the  limited  tests  performed  on  the 
pyrolysis  residue  (in  particular,  the  Purox  residue) ,  there 
are  definite  indications  that  this  particular  material  is 
potentially  suitable  for  use  in  portland  cement  concrete  mixtures 

7.3   ENVIRONMENTAL  TESTING 

7.3.1  Permeability  and  Leachate  Tests 

Anaylsis  of  the  permeability  characteristics  and  nature 
of  the  leachate  from  selected  samples  of  incinerator  residue 
was  performed  to  determine  what,  if  any,  detrimental  environ- 
mental impact  might  be  expected  from  the  use  of  these  materials 
in  highway  applications.   Samples  of  both  compacted  specimens 
and  "as  received"  material  were  tested.   Permeability  tests 
were  performed  in  accordance  with  the  method  of  test  pre- 
scribed by  the  U.S.  Army  Corps  of  Engineers.2^-   The  leachate 
was  analyzed  by  means  of  the  "shake  method,"  which  was  devel- 
oped by  the  Pennsylvania  Department  of  Environmental  Resources. 
In  this  test,  a  sample  weight  (minimum  of  800  grams)  of 
residue  is  shaken  in  distilled  water  for  a  period  of  forty- 
eight  hours.   The  solution  is  then  adjusted  to  either  an  acid 
or  a  neutral  condition  and  an  aliquot  tested  for  various 
deleterious  compounds  and  elements. 

Both  stabilized  base  course  and  bituminous  wearing  surface 
mixtures  were  evaluated. 


21 

U.S.  Army,  Corps  of  Engineers;  Manual  110-2-1906;  Appendix  7; 

Section  4,  Washington,  D.C.;  May  10,  1965. 
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7.3.1.1  Permeability  Tests 

The  samples  selected  for  permeability  and  leachate 
testing  were  those  which  demonstrated  the  most  favorable 
engineering  properties.   Cement  stabilized  samples  of  Types 
1,  2,  and  3  residues,  some  of  which  were  blended  with  crushed 
stone,  were  tested  in  the  falling  head  permeability  apparatus. 
Samples,  including  the  Type  1  residue  sample,  were  molded  and 
tested  with  no  curing.   The  remaining  cement  stabilized  samples 
were  tested  after  seven  days  of  curing  at  73°F.  (23°C). 

The  results  of  the  permeability  tests  conducted  on  the 
stabilized  base  course  samples  are  presented  in  Table  63. 
The  range  of  permeability  values  resulting  from  these  tests 
place  these  mixtures  in  soil  classification  categories  between 
"silty  sand"  and  "uniform  find  sand."   Since  these  values 
represent  material  of  moderate  permeability,  the  possibility 
of  detrimental  environmental  impact  from  the  use  of  such 
mixtures  is  decreased. 

Although  no  data  was  generated  on  the  permeability  of 
bituminous  mixtures  containing  incinerator  residue,  well 
compacted  wearing  surface  mixtures  should  be  virtually  im- 
permeable and  the  permeability  of  bituminous  base  course 
mixtures  should  be  comparatively  low. 

7.3.1.2  Leachate  Tests 

Types  1,  2,  and  3  residues  were  selected  for  evaluation 
of  leachate  because  compositions  containing  these  residues 
exhibited  the  best  strength  development  properties.   Therefore, 
it  is  expected  that  these  residues  would  be  most  likely  to  be 
used  in  highway  related  applications.   These  residues  also 
exhibited  the  most  favorable  results  from  the  organic  impuri- 
ties test,  as  shown  in  Figure  24. 

Cement  stabilized  base  course  mixtures  studied  for  leach- 
ate analysis  were  all  blended  with  12  percent  by  weight  of  Type 
1  Portland  cement.   Procedures  for  molding  and  curing  of  these 
specimens  were  the  same  as  those  employed  during  the  labora- 
tory testing  of  stabilized  base  course  compositions.   Analysis 
of  leachate  was  based  on  the  testing  of  one  specimen  for 
each  mixture  or  solution. 

The  Type  1  and  Type  2  residue  specimens  were  molded  with 
an  equal  weight  of  conventional  crushed  stone  aggregate,  while 
the  Type  3  residue  specimen  contained  100  percent  residue. 
Leachate  from  a  sample  of  loose  "as  received"  Type  2  residue 
was  also  tested  to  evaluate  differences  in  the  character  of 
the  leachate  between  blended  and  unblended  specimens.   This 
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evaluation  was  performed  to  determine  whether  stabilization 
of  the  residue  would  result  in  confining  some  of  the  compon- 
ents in  the  leachate. 

Standard  4  inch  (101.6  mm)  diameter  specimens  were  molded 
and  cured  for  7  days  at  73°F.  (23 °C.)  in  100  percent  humidity. 
A  portion  of  the  specimen,  sufficient  in  size  to  provide  the 
required  test  sample  weight  (approximately  800  grams) ,  was 
cut  off  and  used  in  the  shake  apparatus.   Because  residue  mix- 
tures could  be  exposed  to  water  solutions  of  different  pH  values 
in  actual  highway  applications,  the  Type  2  formulation  was 
tested  in  both  a  neutral  and  an  acid  condition. 

Bituminous  wearing  course  mixtures  containing  Type  2 
and  Type  3  residues  blended  with  stone,  subsequently  used  in 
experimental  test  sections,  were  molded  into  compacted  speci- 
mens using  the  Marshall  apparatus.   Like  the  stabilized 
base  course  samples,  a  portion  of  the  molded  specimen,  approx- 
imately equal  to  the  required  test  sample  weight  (800  grams) , 
was  cut  off  and  tested.   Material  from  the  Philadelphia  test 
section  was  tested  in  both  the  neutral  and  acid  condition,  as 
was  the  Type  2  stabilized  base  course  sample . 

Interpretation  of  the  data  obtained  from  the  leachate 
testing  is  difficult  due  to  the  fact  that  the  U.S.  Environ- 
mental Protection  Agency  has  not  yet  adopted  any  definitive 
standards  for  leachate  evaluation.   Likewise,  no  quality 
standards  exist  for  ground  water,  except  that  the  existing 
water  quality  must  not  be  degraded  to  any  further  point.   The 
only  established  standards  to  which  the  data  may  be  compared 
are  those  adopted  by  the  U.S.  Public  Health  Service  in  1962 
for  drinking  water.   Eleven  of  the  25  parameters  for  which 
the  residue  samples  were  tested  are  covered  by  these  standards. 
A  list  of  the  maximum  allowable  contaminant  levels  established 
in  these  standards  is  included  in  Table  64. 

Table  65  presents  the  results  of  leachate  tests  performed 
on  cement  stabilized  mixtures.   All  specimens  tested  had  a 
pH  in  solution  which  was  basic,  except  for  the  specimen  in 
acid  solution,  which  had  a  pH  of  6.2.   However,  after  a  period 
of  96  hours,  the  pH  of  the  leachate  from  the  acid  solution 
eventually  became  basic,  attesting  to  the  basic  nature  of 
the  residue  itself. 

The  loose  "as  received"  Type  2  residue  showed  higher  con- 
centrations than  the  drinking  water  standards  in  three  of  the 
eleven  parameters.   This  "as  received"  sample  was  shown  to  have 
the  highest  values  of  any  of  the  other  samples  in  ten  of  the 
twenty-five  parameters  tested.   This  tends  to  confirm  the 
belief  that  blended  samples  can  prevent  the  release  of  leach- 
ate that  is  free  in  unblended  specimens. 
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Table  64.   Water  Quality  Standards  of  the  U.S.  Public  Health 
Service 


Standard 

Parameter 

mg/ liter 

Sulfates  (as  SO4) 

250 

Chlorides  (as  CI) 

250 

Total  Dissolved  Solids 

500 

Arsenic  (As) 

.01 

Cadmium  (Cd) 

.01 

Total  Chromium  (Cr) 

.05 

Copper  (Cu) 

1.0 

Total  Iron  (Fe) 

.3 

Manganese  (Mn) 

.05 

Lead  (Pb) 

.05 

Zinc  (Zn) 

5.0 
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The  comparison  of  leachate  data  from  Table  65  for  the 
samples  attested  in  both  an  acid  and  neutral  solution  yields 
results  that  are  not  fully  conclusive.   In  the  testing  of 
stabilized  base  course  samples,  nine  of  the  parameters  demon- 
strated higher  values  in  acid  solution  while  eight  of  them 
tested  lower.   The  other  parameters  indicated  equal  results. 

Table  66  presents  the  results  of  leachate  tests  on 
bituminous  wearing  surface  mixtures.   In  the  testing  of 
bituminous  samples,  seven  of  the  parameters  demonstrated 
higher  values  in  acid,  while  four  tested  lower.   Results 
for  the  other  parameters  were  equal.   Four  of  the  test  para- 
meters showed  higher  concentrations  in  an  acid  solution  in 
both  the  stabilized  base  course  and  the  bituminous  sample. 
Two  of  the  parameters  tested  lower  in  both  cases.   As  with 
the  stabilized  base  specimens,  the  pH  of  the  specimens  tested 
in  neutral  solution  was  basic,  while  the  pH  of  the  specimen 
tested  in  acidic  solution  was  acidic,  but  eventually  became 
basic. 

With  the  exception  of  one  of  the  test  parameters 
(total  dissolved  solids) ,  all  the  blended  residue  samples 
(stabilized  base  and  bituminous  wearing  serf ace)  tested 
proved  to  have  lower  concentrations  than  the  drinking  water 
standards.   Since  all  of  the  leachate  values  tested  were 
in  compliance  with  the  stringent  standards  established  for 
public  drinking  water,  very  little  environmental  impact  is 
expected  from  the  use  of  blended  residue  mixtures.   Data 
from  the  leachate  tests  should  be  analyzed  in  conjunction 
with  the  permeability  of  the  mixture  in  question,  in  order 
to  provide  a  proper  and  complete  perspective  of  environmental 
impact. 

Since  the  mixes  studied  combine  low  to  moderate  permea- 
bility with  acceptable  leachate  concentrations,  it  is, 
therefore,  concluded  that  the  use  of  incinerator  residue 
in  bituminous  mixtures  and  stabilized  base  course  mixtures  is 
an  environmentally  acceptable  means  of  utilizing  these 
materials  in  highway  construction.   However,  the  organics 
impurities  test  should  also  be  used  as  an  indicator  of  the 
degree  of  potentially  contaminating  material  contained 
in  the  residue. 

7.3.2  Loss  on  Ignition  Tests 

Loss  on  ignition  tests  were  performed  on  "as  received" 
samples  of  each  basic  type  of  incinerator  residue  in  order 
to  determine  the  percentage  by  weight  of  combustible  material 
and  verify  the  residue  classifications.   These  tests  were 
conducted  in  accordance  with  the  method  of  test  developed 
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by  the  U.S.  Environmental  Protection  Agency. 22   The  test 
procedure  involves  the  fine  grinding  of  a  representative 
sample  of  incinerator  residue,  obtaining  a  50  gram  sample 
for  the  test,  subjecting  the  sample  to  a  one  hour  exposure 
in  a  muffle  furnace  at  950°C.f  and  computing  the  loss  on 
ignition  of  the  sample . 

The  results  of  the  loss  on  ignition  tests  are  shown 
in  Table  67.   Because  of  the  size  of  the  sample  tested  (50 
grams) ,  a  minimum  of  two  tests  were  performed  for  each 
residue  type.   In  cases  where  more  than  one  sample  of  a  par- 
ticular residue  type  was  obtained,  at  least  one  loss  on 
ignition  test  was  performed  on  material  from  each  sample. 
The  range  of  loss  on  ignition  values  for  each  residue  type 
is  indicative  of  the  variability  in  the  percentage  of  com- 
bustible material  for  each  type  of  residue.   Part  of  this 
variation  can  be  attributed  to  the  difference  between  fresh 
and  stockpiled  residue. 

The  loss  on  ignition  tests  produced  some  surprising 
results.   The  Type  4  residue,  which  had  the  highest  percen- 
tage of  combustibles  from  the  physical  composition  studies, 
actually  had  a  lower  average  loss  on  ignition  than  the  Type  1 
rotary  kiln  residue.   However,  it  was  observed  earlier  that 
the  rotary  kiln  residue  consisted  of  a  sizeable  percentage 
of  carbonaceous  material. 

The  Type  5  residue,  which  was  obtained  from  the  same 
source  as  the  Type  3  residue,  had  an  average  loss  on  ignition 
value  more  than  twice  that  of  the  Type  3  residue.   This  is 
probably  due  to  the  fact  that,  in  the  case  of  the  Type  5 
material,  some  of  the  magnetic  fraction  was  separated, 
resulting  in  the  combustible  fraction  occupying  a  larger 
percentage  of  the  total  residue  by  weight. 

The  loss  on  ignition  values  for  Types  1  and  2  residues 
closely  approximated  the  percentage  of  combustibles  identified 
from  the  physical  composition  studies  and  summarized  in 
Table  17.   As  expected,  Type  2  residue  had  the  lowest  loss 
on  ignition.   The  loss  on  ignition  values  for  the  Types  3 
and  4  residues  were  considerably  lower  than  corresponding 


22 

U.S.  Environmental  Protection  Agency,  Manual  No.  EPA-6700- 

73-01,  "Physical,  Chemical,  and  Micro-Biological  Methods  of 
Solid  Waste  Testing."  Part  2,  Office  of  Research  and  Moni- 
toring, National  Environmental  Research  Center,  Cincinnati, 
Ohio,  May,  1973. 
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Table  67.  Summary  of  Loss  on  Ignition  Test  Results  for 
Incinerator  Residue  Samples 

Type  Number  of          Range  of    -|/    Average    •>, 

Residue  Samples         L.O.I.  Values  -  L.O.I.  Value  - 

1  5 

2  4 

3  5 

4  2 

5  2 


]_/   Weight  percent  loss 


7.9   to   12.4 

10.6. 

1.6   to   5.4 

3.6 

2.9   to   6.6 

5.0 

8.2   to   9.6 

8.8 

8.0   to   13.9 

11.0 
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values  from  Table  17,  probably  due  to  the  fact  that  the  loss 
on  ignition  tests  were  not  performed  until  approximately  12 
months  after  initial  sampling,  allowing  some  time  for  decom- 
position of  combustible  material  from  these  residues.   How- 
ever, the  Type  5  residue  had  loss  on  ignition  values  somewhat 
higher  than  the  combustible  percentage  noted  in  Table  17 . 

In  summary,  the  loss  on  ignition  test,  coupled  with 
observations  from  the  organic  impurities  test,  can  provide 
a  reasonably  good  indicator  of  anticipated  performance  for 
a  sample  of  incinerator  residue  in  a  paving  mixture ,  provided 
a  sufficient  number  of  tests  are  conducted  to  account  for  the 
variability  of  the  material. 
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8.   EXPERIMENTAL  PAVEMENT  SECTIONS 
USING  INCINERATOR  RESIDUE 

One  of  the  objectives  of  this  study  was  to  evaluate  the 
engineering  properties  of  mixtures  containing  different 
sources  of  incinerator  residues  -and  to  identify  those  mix- 
tures which  appear  to  be  suitable  for  use  in  highway  construc- 
tion. Optimum  mix  formulations  from  wearing  surface  inves- 
tigations were  selected  for  design  and  placement  at  selected 
locations.   The  purpose  of  the  experimental  wearing  surface 
sections  was  to  determine  the  field  performance  characteristics 
of  pavements  containing  incinerator  residue  and  to  compare 
their  behavior  under  traffic  with  that  of  conventional 
paving  materials. 

Since  the  use  of  incinerator  residue  in  portland  cement 
concrete  does  not  appear  to  be  technically  feasible,  only 
asphalt  concrete  wearing  surface  mixtures  were  considered 
for  use  in  experimental  sections.   A  total  of  three  experi- 
mental sections  were  installed  during  the  latter  part  of 
1975.   Two  sections  were  placed  in  the  Philadelphia  metro- 
politan area  and  one  section  was  placed  in  the  city  of 
Harrisburg,  Pennsylvania.   Representative  samples  of  Type  2 
and  Type  3  residue  sources  were  used  with  conventional 
aggregates  in  the  paving  mixes. 

The  performance  of  these  test  sections  has  been  moni- 
tored in  the  field  and  periodic  tests  have  been  performed  on 
cored  specimens  from  these  pavements.   Although  some  observa- 
tions from  the  monitoring  will  be  noted  in  this  report,  a 
more  complete  discussion  of  this  data  is  presented  in  a 
separate  submission. 

Each  experimental  section  is  discussed  separately  in 
this  report.   The  discussions  will  focus  on  the  following: 
1.   site  description,  2.  material  sampling  and  preparation, 
3.   wearing  surface  mix  design,  4.  mixing  and  placing  of  the 
wearing  surface  material,  5.   evaluation  of  performance.   At 
the  conclusion  of  this  chapter,  an  economic  assessment  is 
made  of  the  cost  considerations  related  to  the  use  of  incin- 
erator residue  in  bituminous  paving  mixtures. 

8.1   DESCRIPTION  OF  EXPERIMENTAL  SECTIONS 

8.1.1  Philadelphia,  Pennsylvania 

An  experimental  wearing  surface  installation  was  placed 
at  States  Drive  in  Fairmount  Park  in  Philadelphia.   The  loca- 
tion of  this  section  is  at  the  intersection  of  States  Drive 
and  Belmont  Avenue  in  West  Philadelphia,  approximately  one 
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mile  west  of  the  Schuylkill  Expressway.   This  site  is  also 
approximately  one-half  mile  east  of  Robin  Hood  Dell  West, 
which  is  a  newly  opened  cultural  and  entertainment  center  in 
Fairmount  Park. 

Figure  63  shows  the  location  and  dimensions  of  this  exper- 
imental section,  as  well  as  other  pertinent  information  related 
to  its  installation.   A  traffic  count  was  taken  at  this  loca- 
tion on  Wednesday,  January  7,  1976  between  8:00  A.M,  and 
7:00  P.M.   The  findings  of  this  traffic  count  are  shown  in 
Table  68.   During  the  counting  period,  a  total  of  1777 
vehicles  passed  over  the  section  in  both  directions.   Since 
only  the  busiest  half  of  the  day  was  included,  it  is  assumed 
that  the  average  daily  traffic  at  this  location  is  at  least 
2000  vehicles  per  day.   During  the  summer  months,  when 
evening  performances  are  held  at  Robin  Hood  Dell  West,  traffic 
volumes  are  considerably  higher . 

The  residue  for  the  mix  placed  at  this  installation  was 
obtained  from  the  Northwest  Philadelphia  incinerator  and  is 
considered  a  Type  3  residue.   Thirty  tons  of  this  material 
were  obtained  from  a  fresh  stockpile  near  the  incinerator 
plant  and  transported  to  a  vibratory  screening  facility 
owned  and  operated  by  Highway  Materials,  Inc.   After  screening 
through  a  5/8  inch  (15.9  mm)  vibrating  screen,  approximately 
15  tons  of  the  "as  received"  material  were  stockpiled  for 
a  period  of  approximately  two  weeks  at  Highway  Materials 
asphalt  plant  site  in  Bridgeport,  Pennsylvania.   Immediately 
prior  to  mixing  in  the  asphalt  plant,  the  moisture  content 
of  this  stockpiled,  drained  residue  was  determined  to  be  18 
percent.   Figure  64  is  a  photograph  of  this  stockpiled  material 

The  particle  size  distribution   of  this  graded  residue 
material  was  determined  after  repeated  sieve  analyses  and  is 
summarized  in  Table  69.   A  paving  mix  meeting  the  specifica- 
tion requirements  of  Pennsylvania  ID-2A  bituminous  wearing 
surface  (refer  to  Table  11)  was  designed  using  the  incinerator 
residue  as  50  percent  of  the  aggregate  weight  in  the  mix.   A 
blend  of  2  0  percent  by  weight  crushed  limestone  (Pennsylvania 
type  IB)  and  30  percent  by  weight  natural  sand  comprised  the 
remainder  of  the  aggregate  in  the  mix.   Table  70  indicates  the 
development  of  the  design  mix  gradation,  which  is  shown 
graphically  in  Figure  65  and  compared  with  Pennsylvania  ID-2A 
wearing  surgace  gradation  limits. 

A  Marshall  mix  design  series  was  conducted  in  the  labor- 
atory with  this  gradation  of  blended  material  in  order  to 
determine  the  optimum  asphalt  content.   Two  percent  by  weight 
of  dry  hydrated  lime  was  used  in  all  specimens  to  improve  the 
asphalt  adhesion.   The  main  indicator  used  to  select  the 
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Table  68.   Results  of  Traffic  Count  Taken  at  Experimental 
Section  in  Philadelphia,  Pennsylvania 


Westbound 

Eastbound 

or  Inbound 

or  Outbound 

Total 

Time  Period 

Vehicles 

Vehicles 

Vehicles 

A.M. 

8:00-9:00 

14 

128 

142 

9:00-10:00 

21 

84 

105 

10:00-11:00 

41 

52 

93 

11:00-12:00 

41 

58 

99 

P.M. 

12:00-1:00 

68 

69 

137 

1:00-2:00 

50 

87 

137 

2:00-3:00 

83 

163 

246 

3:00-4:00 

123 

113 

236 

4:00-5:00 

224 

39 

263 

5:00-6:00 

171 

22 

193 

6:00-7:00 

81 

45 

126 

Totals 

917 

860 

1777 
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Figure  64.   Stockpiled  incinerator  residue  used  in 
Philadelphia  test  section. 
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Table  69.   Particle  Size  Distribution  of  Graded  Incinerator 

Residue  Used  in  Philadelphia  Test  Section,  in 
Percent  by  Weight 

Sieve  Size  Percent  Passing 

1/2"  (12.7  mm)  100 

3/8"  (9.52  mm)  86 

#4  (4.76  mm)  50 

#8  (2.38  mm)  34 

#16  (1.19  mm)  26 

#30  (0.590  mm)  19 

#50  (0.297  mm.)  14 

#100  (0.149  mm)  10 

#200  (0.074  mm)  8 
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optimum  asphalt  content  was  the  coatability  of  the  mix.  When 
100  percent  coatability  was  attained,  the  Marshall  values  for 
that  asphalt  content  were  analyzed.  If  the  values  were  found 
to  be  within  specification  requirements,  that  asphalt  content 
was  chosen  as  the  optimum. 

For  this  mix,  the  optimum  asphalt  content  was  selected 
at  8  percent  by  weight  of  aggregate,  or  7.4  percent  by  weight 
of  total  mix.   The  Marshall  test  values  at  this  asphalt  con- 
tent were  as  follows: 

Stability  (lbs)  1472 

Flow  (.01  in.)  12.3 

Air  Voids  (Percent)  5.7 

VMA  (Percent)  24.9 

Bulk  Specific  Gravity  2.13 

These  values  satisfy  the  Marshall  design  criteria  for  mixes 
placed  in  heavy  traffic.   The  retained  strength  of  this  mix, 
as  determined  by  the  immersion-compression  test,  was  found  to 
be  72  percent.   This  value  exceeds  the  minimum  retained  strength 
of  70  percent  recommended  by  the  Federal  Highway  Administration. 

This  experiment  paving  mix  was  batched  and  mixed  at 
the  Highway  Materials  asphalt  plant  on  the  morning  of 
December  5,  1975.   The  asphalt  content  of  AC-2000  was  estab- 
lished as  7  percent  by  weight  of  mix  (7.6  percent  by  weight 
of  aggregate),  or  280  pounds  (127  kilograms)  per  4,000  pound 
(1,814  kilogram)  batch.   Two  bags  of  (100  pounds  or  45.4 
kilograms)  of  commercial  hydrated  lime  were  added  in  dry  form 
to  each  batch  at  the  pugmill. 

Each  batch  was  mixed  for  1  minute  in  the  pugmill  before 
discharge.   The  mix  appeared  to  be  completely  coated  and  even 
had  a  slight  sheen  as  it  came  from  the  pugmill.   The  tempera- 
ture of  the  hot  mix  in  the  truck  was  340°F.  (171°C.)  twenty 
tons  (18.14  tonnes)  of  the  residue  mix  were  batched  and  trans- 
ported to  the  site  in  a  covered  truck.   Ten  tons  (9.07  tonnes) 
of  ID-2A  wearing  surface  mix  was  also  batched  and  transported 
to  the  site  for  use  as  a  control  section. 

The  paving  materials  used  in  this  section  were  placed 
using  hand  spreading  techniques  by  personnel  from  the  City 
of  Philadelphia's  Streets  Department.   The  existing  paving 
surface  received  a  tack  coat  prior  to  placement  of  both  mixes. 
The  installation  of  the  paving  material  at  this  location  is 
shown  in  Figure  66.   The  ID-2A  control  mix  was  placed  first. 
The  temperature  of  the  ID-2A  material  when  placed  varied 
from  320°F  (157°C)  to  280°F  (138°C)  during  initial  placement 
to  250°F  (121°C)  near  completion  of  the  installation.   Initial 
compaction  was  achieved  by  a  5  ton  (4.54  tonne)  steel  wheel 
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Figure  66. 


Placing  wearing  surface  mix 
containing  incinerator  residue 
at  the  Philadelphia  test  section, 
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roller  with  final  compaction  provided  by  a  10  ton  (9.08  tonne) 
steel  wheel  roller.  During  rolling,  a  small  percentage  of  the 
glass  particles  at  the  surface  appeared  to  have  broken  down 
under  the  action  of  the  roller,  leaving  uncoated  faces. 

Approximately  a  50  pound  (22.7  kilograms)  sample  of  this 
incinerator  residue  mix  was  taken  at  the  asphalt  plant  and  an 
asphalt  extraction  of  a  sample  of  this  material  was  performed 
in  the  laboratory.  Part  of  the  mix  was  also  reheated,  molded 
into  compacted  specimens,  and  Marshall  and  immersion-compression 
tests  were  performed  on  the  specimens.  The  same  tests  were  also 
performed  on  test  specimens  from  a  similar  size  sample  of  the 
ID-2A  wearing  surface  mix  taken  from  the  plant. 

In  addition,  an  asphalt  extraction  of  the  residue  mix 
was  performed  and  a  gradation  of  this  mix  was  developed.   Table 
71  presents  a  comparison  of  the  design  and  field  gradations  for 
the  type  3  residue  mix.   Figure  67  compares  these  two  gradations 
together  with  the  ID-2A  specification  limits.   The  gradation 
of  the  field  mix  very  closely  parallels  that  of  the  design 
mix,  with  only  a  slight  deviation  in  the  finer  size  fractions. 
Since  the  field  gradation  has  slightly  less  fine  material 
than  the  final  design  mix,  there  was  probably  some  loss  of 
fines  in  the  dryer  prior  to  mixing  in  the  plant. 

Table  72  compares  the  laboratory  test  results  for  type  3 
residue  design  and  field  mixes  and  the  ID-2A  control  mix. 
Marshall  stability  values  for  the  design  and  field  mixes  were 
in  the  same  range,  but  the  flow  value  for  the  field  mix  was 
somewhat  higher  than  specification  limits  with  an  accompanying 
low  air  voids  value.   This  indicates  that  the  asphalt  content 
of  the  field  mix  may  be  somewhat  on  the  high  side  of  optimum, 
although  the  asphalt  content  of  the  field  mix  was  found  from 
the  extraction  to  be  6.5  percent  by  weight  of  the  mix,  com- 
pared to  7  percent  according  to  the  design.   The  asphalt 
content  of  the  ID-2A  mix  was  found  to  be  4.9  percent  by  weight 
of  the  mix,  compared  to  the  design  value  of  5.7  percent. 

The  Marshall  data  for  the  ID-2A  control  mix  and  the  type  3 
residue  design  mix  were  very  comparable,  which  indicates  that 
substitution  of  incinerator  residue  for  50  percent  by  weight 
of  the  aggregate  in  a  bituminous  paving  mix  does  not  adversely 
affect  the  design  characteristics  of  the  mix.   In  addition, 
the  retained  strengths  of  all  mixes  exceeded  minimum  criteria 
from  the  immersion-compression  test. 

At  the  time  of  this  writing,  the  incinerator  residue  mix 
has  been  in  service  for  nearly  one  year  and  has  performed 

adequately  to  date.   There  is  no  evidence  of  spall inq, 

surface  deterioration  or  cracking  in  this  mix  and  very  little 
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Table  71.   Comparison  of  Design  and  Field  Gradations  for 

Philadelphia  Test  Section  Paving  Mix,  in  Percent 
Passing  by  Weight 


Sieve  Size 

Design 
Gradation 

Field 
Gradation^ 

ID-2A 
Limits 

1/2"  (12.7  mm) 

100 

100 

100 

3/8"  (9.52  mm) 

91.0 

92 

80-100 

#4  (4.76  mm) 

59.3 

60 

45-80 

#8  (2.38  mm) 

39.3 

40 

30-60 

#16  (1.19  mm) 

27.4 

26 

20-45 

#30  (0.590  mm) 

19.1 

16.5 

10-35 

#50  (0.297  mm) 

13.0 

10 

5-25 

#100  (0.149  mm) 

9.2 

7 

4-14 

#200  (0.074  mm) 

6.4 

5 

3-10 

■^■Derived  from  asphalt  extraction  and  sieve  analysis. 
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Table  72.   Summary  of  Laboratory  Test  Results  for  Incinerator 
Residue  and  ID-2A  Wearing  Surface  Mixes  Used  in 
Philadelphia  Test  Section 


Stability  (lbs) 
Flow  (0.1  in) 
Air  Voids  (Percent) 
VMA  (Percent) 
Retained  Strengths- 
Asphalt  Content^ 


Design 

Field 

ID-2A 

Mix 

Mix 

Mix 

1472 

1562 

1508 

12.3 

19.5 

11.5 

5.7 

0.7 

3.17 

24.9 

14.9 

11.1 

72.8 

83.3 

8.0 

7.0 

4.9 

2.13 

2.39 

2.44 

132.9 

149.1 

152.3 

Bulk  Specific  Gravity 
Density  (ib/ft3) 


■'■Retained  strength  expressed  as  percent  of  molded  strength 
as  determined  by  immersion-compression  test. 

^Asphalt  content  expressed  as  percent  by  weight  of  total 
mix. 

1  lb  =  .4536  kilogram 

1  inch  =  25 .4  mm 

1  lb/ft3  =   16.02   kilograms/cubic  meter 
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evidence  of  asphalt  stripping  from  the  glass  particles  at  the 
surface.   By  contrast,  there  are  several  sections  where  the 
pavement  has  rutted  in  the  ID-2A  control  mix,  particularly 
in  those  areas  subjected  to  turning  movements  and  repeated 
wheel  action.   These  areas  developed  during  the  first  winter 
of  use  and  have  not  become  any  more  widespread  since  that  time. 
In  all  probability,  this  distress  was  caused  because  the  mate- 
rial was  placed  only  1  inch  (25.4  mm)  or  slightly  less  in 
compacted  thickness  where  it  meets  Belmont  Avenue  and  was  not 
rolled  immediately  after  placing  and  spreading. 

Core  samples  have  been  taken  periodically  from  both  the 
type  3  residue  mix  and  the  ID-2A  control  mix.   Three  core 
samples  are  taken  at  each  section  of  pavement  being  evaluated, 
as  shown  in  Figure  68.   A  typical  6  inch  (152.4  mm)  diameter 
core  sample  is  shown  in  Figure  69.   Some  particles  of  glass 
are  in  evidence  in  this  core  sample.   These  core  samples  have 
been  evaluated  for  density,  gradation,  and  skid  resistance 
characteristics  in  the  laboratory.   Some  of  these  results  will 
be  discussed  further  in  section  8.2  of  this  report. 

8.1.2   Harrisburg,  Pennsylvania 

The  City  of  Harrisburg  selected  a  residential  street  in 
the  southern  part  of  the  city  as  the  site  for  installation  of 
an  experimental  wearing  surface  section  using  residue  from  the 
city's  reciprocating  grate  incinerator.   This  section  was 
placed  on  Wayne  Street  between  14th  and  15th  Streets,  just 
two  blocks  south  of  1-83.   Figure  70  shows  the  location, 
physical  layout,  and  other  information  regarding  the  instal- 
lation of  this  section.   A  control  section  of  Pennsylvania 
specification  ID-2A  wearing  surface  mix  was  also  placed  at 
this  location,  as  shown  in  Figure  70.   A  portion  of  the 
existing  pavement  was  also  overlaid  with  ID-2A  wearing  sur- 
face in  conjunction  with  this  work. 

Since  this  street  is  located  in  a  predominantly  residen- 
tial area  with  very  sporadic  traffic  movement,  no  traffic 
count  was  taken  at  this  site.   The  performance  of  this  sec- 
tion can  be  related  as  much  to  resisting  the  effects  of 
weather  as  the  effects  of  traffic. 

Approximately  20  tons  of  type  2  residue  was  obtained 
from  a  stockpile  at  the  Harrisburg  incinerator  plant  by  Pennsy 
Supply,  Inc.  and  transported  to  their  asphalt  plant,  where 
the  material  was  passed  through  a  1/2  inch  (12.7  mm)  vibrating 
screen  and  run  through  the  aggregate  drier.   After  processing, 
approximately  12  tons  of  dry  graded  residue  were  stockpiled 
at  the  plant.   A  photograph  of  this  plant  is  shown  in  Figure  71 
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Figure  68.   Core  sampling  from  incinerator 
residue  paving  mix. 
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Figure  69. 


Typical  core  specimen  from 
incinerator  residue  paving 
mix. 
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Figure  71.   Pennsy  Supply  asphalt  plant  in 
Harrisburg,  Pennsylvania. 
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The  particle  size  distribution  of  this  residue  used  in 
the  test  section  is  outlined  in  Table  73.   This  material  was 
used  for  50  percent  by  weight  of  the  aggregate  requirements 
in  a  wearing  surface  mix  meeting  ID-2A  specification  require- 
ments .   The  remaining  aggregate  was  composed  of  an  equal  weight 
percentage  of  1/4  inch  C6.35  mm)  limestone  and  limestone 
screenings.   Table  74  indicates  the  development  of  the  design 
mix  gradation.   This  gradation  is  shown  in  Figure  72  and  com- 
pared with  ID-2A  gradation  limits. 

A  Marshall  evaluation  was  performed  to  determine  the 
optimum  asphalt  content  of  the  incinerator  residue  mix.   The 
procedures  used  were  the  same  as  described  for  the  Philadel- 
phia test  section  mix,  including  the  addition  of  two  percent 
dolomitic  lime.   The  optimum  asphalt  content  for  this  mix 
was  7.6  percent  by  weight  of  aggregate,  or  7.0  percent  by 
weight  of  total  mix.   The  Marshall  test  values  obtained  on 
specimens  made  from  incinerator  residue  mix  were  as  follows: 

Stability  (lbs)  1401 

Flow  (.01  in)  10.0 

Air  Voids  (percent)  8.2 

V.M.A.  (percent)  25.2 

Bulk  Specific  Gravity  2.14 

The  retained  strength  of  this  mix  was  found  to  be  86 
percent,  which  indicates  that  it  should  perform  acceptably 
as  a  wearing  surface  with  respect  to  asphalt  stripping. 

This  experimental  paving  mix  was  batched  at  the  Pennsy 
Supply  asphalt  paint  on  the  morning  of  December  11,  1975. 
The  asphalt  content  of  AC-2  000  was  originally  set  at  7 
percent  by  weight  of  mix  or  7.6  percent  by  weight  of  aggregate. 
The  total  weight  of  each  batch  was  2,000  pounds  (907  kilograms) 
Since  the  first  and  second  batches  did  not  appear  completely 
coated,  the  asphalt  content  of  the  mix  was  increased  to  7.5 
percent  by  weight  of  mix,  or  8.1  percent  by  weight  of  aggre- 
gate.  One  bag  (50  pounds  or  22.7  kilograms)  of  hydrated  lime 
was  added  in  dry  form  to  each  batch  of  the  mix  by  dumping 
into  the  pugmill.   A  1-minute  mixing  time  was  allowed  for 
each  batch. 

A  total  of  24  tons  (21.8  tonnes)  of  the  residue  mix 
were  batched  and  transported  to  the  job  site.   The  tempera- 
ture of  the  mix  coming  out  of  the  plant  varied  between  300°F 
(149°C.)  and  320°F.  (160°C).   A  total  of  24  tons  (21.8  tonnes) 
of  ID-2A  wearing  surface  mix  was  also  batched  at  the  plant. 
All  paving  materials  were  placed  at  the  site  using  a  Barber- 
Greene  paving  machine,  as  shown  in  Figure  73.   Personnel  from 
Kimbob  Paving  Company  and  the  City  of  Harrisburg  assisted  in 
spreading  and  rolling  the  mix  with  a  10  ton  steel-wheeled 
roller. 
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Table  73.   Particle  Size  Distribution  of  Graded  Incinerator 

Residue  Used  in  Harrisburg  Test  Section,  in  Percent 
by  Weight 

Sieve  Size  Percent  Passing 

1/2"  (12.7  mm)  100 

3/8"  (9.52  mm)  86 

#4  (4.76  mm)  53 

#8  (2.38  mm)  34 

#16  (1.19  mm)  23 

#30  (0.590  mm)  17 

#50  (0.297  mm)  12 

#100  (0.149  mm)  9 

#200  (0.074  mm)  6 
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Figure  73.   Placing  wearing  surface  mix  containing 
incinerator  residue  at  the  Harrisburg 
test  section. 
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The  residue  wearing  surface  mix  was  placed  directly  on 
top  of  an  aggregate  base  course.   Some  sections  of  this  base 
course  were  wet  and  had  depressions  or  irregularities  in  the 
surface.   The  ID-2A  control  mix  was  placed  directly  on  exist- 
ing bituminous  paving.   The  temperature  of  both  paving  mix- 
tures, the  residue  and  ID-2A  control,  varied  between  260°F 
(124°C)  and  280°F  (149°C)  when  they  were  dumped  into  the  paving 
machine . 

Approximately  50  pounds  (22.7  kilograms)  each  of  inciner- 
ator residue  and  IDD-2A  mixes  were  obtained  at  the  field  site  and 
transported  to  the  laboratory  to  determine  Marshall  and  retained 
strength  parameters.   These  materials  were  reheated  and  molded 
into  compacted  specimens  for  the  performance  of  these  tests. 

An  asphalt  extraction  was  performed  on  a  sample  of  each 
mixture,  the  incinerator  residue  and  the  ID-2A  control, 
obtained  from  the  field.   The  gradation  of  the  incinerator 
residue  aggregate  was  determined  from  the  extracted  mix 
material.  A  comparison  of  the  field  and  final  design  mix 
gradations  is  given  in  Table  75.   Figure  74  compares  these 
two  gradations  with  the  ID-2A  specification  limits.   The  grada- 
tion of  the  field  mix  closely  parallels  that  of  the  final 
design  mix. 

Unlike  the  Philadelphia  test  section,  the  Harrisburg 
residue  mix  has  a  slightly  higher  percentage  of  fines  in 
the  field  gradation  than  in  the  design  gradation.   This  is 
probably  because  the  residue  for  the  Harrisburg  test  section 
was  screened  and  run  through  a  drier  two  weeks  prior  to  mixing 
in  the  plant.   Therefore,  the  moisture  content  of  the  Type  2 
residue  fed  into  the  Pennsy  Supply  plant  on  the  day  of  mixing 
was  substantially  lower  than  that  of  the  Type  3  residue  used 
in  the  Philadelphia  test  section,  which  probably  resulted  in 
lower  loss  of  fines.   The  addition  of  lime  in  the  pugmill 
also  increases  the  amount  of  fines  in  the  mix. 

Table  76  compares  the  laboratory  test  results  for  both 
the  Type  2  design  and  field  mixes  and  the  ID-2A  control  mix. 
Values  represent  an  average  of  three  specimens  per  test. 
The  Marshall  stability  and  flow  values  for  the  design  and 
field  mixes  are  within  a  comparable  range  and  meet  design 
criteria.   The  stability  value  for  the  ID-2A  control  mix  is 
somewhat  less  than  either  residue  mix.   The  air  voids  values 
were  found  to  be  lower  for  the  incinerator  residue  field  mix 
than  for  the  ID-2A  control  mix.   The  retained  strength  of 
test  specimens  of  the  field  mix  was  found  to  be  extremely 
high,  which  is  indicative  of  excellent  asphalt  adhesion. 
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Table  75.   Comparison  of  Design  and  Field  Gradations  for 
Harrisburg  Test  Section  Paving  Mix,  in  Percent 
Passing  by  Weight 

Design 
Sieve  Size         Gradation 

1/2"  (12.7  mm)  100 

3/8"  (9.52  mm.)  93.0 

#4  (4.76  mm)  64.3 

#8  (2.38  mm)  37.5 

#16  (1.19  mm)  24.0 

#30  (0.590  mm)  16.3 

#50  (0.297  mm)  10.8 

#100  (0.149  mm)         7.3 

#200  (0.074  mm)         4.7 

1Derived  from  asphalt  extraction  and  sieve  analysis. 
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Table  76.   Summary  of  Laboratory  Test  Results  for  Incinerator 
Residue  and  ID-2A  Wearing  Surface  Mixes  Used  in 
Harrisburg  Test  Section 


Design 

Field 

ID-2A 

Mix 

Mix 

Mix 

Stability  (lbs) 

1401 

1558 

1221 

Flow  (.01  in) 

10.0 

14.0 

10.5 

Air  Voids  (Percent) 

8.2 

2.6 

7.5 

VMA  (Percent) 

25.2 

19.4 

17.6 

Retained  Strengths- 

86.4 

96.8 

Asphalt  Content^ 

7.6 

7.6 

5.7 

Bulk  Specific  Gravity 

2.14 

2.31 

2.36 

Density  (lbs/ ft3) 

133.5 

144.1 

147.3 

^-Retained  strength  expressed  as  percent  of  molded  strength 
as  determined  by  immersion-compression  test . 

^Asphalt  content  expressed  as  percent  by  weight  of  total  mix 

1  lb  =  .4536  kilogram 

1  inch  =  25 .4  mm 

1  lb/ ft3  =  16.02  kilograms/cubic  meter 
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The  test  section  with  experimental   residue  mix  is  in  poor  condition. 
Some  of  the  glass  particles  on  the  surface  have  lost 
the   sheen  of   asphalt  which  coated  the  mix  at  the   time  of 
installation.      The   ID-2A  control   section  is  in  fine 
condition,    although  the   ID-2A  overlay  has  ravelled   in   some 
areas  due  to  being   laid  too  thin    (3/4   inch  or   19.05  mm 
thickness)    at  time  of  placement.      Section   8.2   presents  a 
brief  discussion  of  preliminary   findings   from  core   samples 
taken  from  the  residue  mix  and  the   ID-2A  control  mix  at  this 
location. 

8.1.3  Delaware  County,  Pennsylvania 

During  late  October,  1975  a  test  section  of  incinerator 
residue  paving  mix  was  installed  in  Lima  (Delaware  County) , 
about  20  miles  west  of  Philadelphia.   This  section  was  placed 
at  the  main  entrance  to  Fair  Acres  Farm,  an  institution  for 
aged  and  infirm.   No  control  mix  was  used  in  this  installation. 
Figure  75  shows  the  location  of  this  test  section,  together 
with  other  information  related  to  the  placement  of  this  section. 

On  Wednesday,  November  5,  1975  a  traffic  count  was  taken 
at  the  site  between  the  hours  of  7:00  A.M.  and  7:00  P.M.   The 
findings  of  this  traffic  count  are  presented  in  Table  77.   A 
total  of  1423  vehicles  were  observed  during  the  time  period 
of  the  traffic  count.   Wednesday  is  considered  to  be  an  aver- 
age day  by  the  management  of  the  Fair  Acres  home.   Although 
the  traffic  count  was  taken  during  the  busiest  hours  of  the 
day,  another  shift  change  occurs  later  in  the  evening.   Because 
of  visiting  hours,  weekend  traffic  is  at  least  as  heavy  as 
weekday  traffic.   Therefore,  the  average  daily  traffic  at 
this  location  is  assumed  to  be  a  minimum  of  1750  vehicles 
per  day. 

The  residue  used  in  the  wearing  surface  mix  at  this 
location  was  obtained  from  a  stockpile  at  the  Northwest 
Philadelphia  incinerator.   This  material  was  screened  at 
the  disposal  site  by  passing  it  through  a  portable  1/2  inch 
(12.7  mm)  screen.   Approximately  7.5  tons  (6.75  tonnes)  of 
residue  was  prepared  and  transported  to  Valley  Forge  Labora- 
tories.  This  residue  had  an  average  moisture  content  of 
approximately  20  percent.   Therefore,  approximately  6  tons 
(5.4  tonnes)  of  dry  material  was  available  for  use  in  the 
paving  mix. 

A  2  percent  lime  slurry  (by  dry  weight)  was  added  to  the 
residue  by  spreading  the  residue  in  6  inch  (152.4  mm)  layers 
and  thoroughly  mixing  the  slurry  by  hand .   The  mixing  was  done 
in  specifically  designated  areas.   The  mixed  material  was  then 
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Table  77.   Results  of  Traffic  Count  Taken  at  Experimental 
Section  in  Delaware  County,  Pennsylvania 


Time  Period 

Westbound 
or  Inbound 
Vehicles 

Eastbound 
or  Outbound 
Vehicles 

Total 
Vehicles 

A.M. 

7:00-8:00 

70 

15 

85 

8:00-9:00 

63 

19 

82 

9:00-10:00 

36 

14 

50 

10:00-11:00 

55 

33 

88 

11:00-12:00 

27 

62 

89 

P.M. 

12:00-1:00 

45 

37 

82 

1:00-2:00 

92 

44 

136 

2:00-3:00 

162 

228 

390 

3:00-4:00 

63 

144 

207 

4:00-5:00 

14 

125 

139 

5:00-6:00 

11 

47 

58 

6:00-7:00 

5 

12 

17 

Totals 

643 

780 

1423 

-  288  - 


air  dried  for  a  period  of  approximately  two  weeks.   The  residue 
was  raked  and  turned  over  by  shovel  several  times  each  day  to 
facilitate  the  drying  process.   During  rainy  periods  the 
drying  beds  were   covered  with  polyethylene. 

Table  78  presents  the  average  particle  size  distribution 
of  the  graded,  slurried  incinerator  residue  used  in  the 
Delaware  County  installation,  based  on  several  sieve  analy- 
ses.  A  paving  mix  meeting  ID-2A  specification  requirements 
was  designed  using  this  residue  as  50  percent  by  weight  of 
the  aggregate  in  the  mix.   The  remaining  50  percent  of  the 
aggregate  was  composed  of  25  percent  by  weight  of  Pennsylvania 
IB  stone  and  25  percent  by  weight  of  anti-skid  material,  which 
is  essentially  a  coarse  sand.   Table  79  indicates  the  compu- 
tation of  the  design  mix  gradation.   This  gradation  is  shown 
in  Figure  76,  together  with  ID-2A  specification  limits. 

On  the  basis  of  Marshall  tests  performed  for  this  mix, 
an  asphalt  content  of  7.5  percent  by  weight  of  aggregate, 
or  7.0  percent  by  weight  of  mix  was  sufficient  for  coatability. 
The  Marshall  design  values  for  this  mix  were  as  follows: 

Stability  (lbs.)  1195 

Flow  (.01  in.)  11.7 

Air  Voids  (percent)  2.38 

VMA  (percent)  26.0 

Bulk  Specific  Gravity  2.05 

Although  the  stability  and  air  voids  values  were  slightly 
below  specification  limits,  it  was  decided  that  these  values 
were  sufficient  to  permit  the  use.  of  this  mix  for  experimental 
purposes.   The  retained  strength  value  from  the  immersion- 
compression  test  was  only  35.2  percent  despite  the  addition  of 
lime  slurry.   However,  the  mix  was  placed  with  this  in  mind 
and  later  evaluated  to  confirm  this  data. 

An  Asphalt  Mobile,  manufactured  by  the  Irl  Daffin  Company 
of  Lancaster,  Pennsylvania  and  owned  by  PennDOT,  was  used  for 
making  the  paving  mix'used  at  the  Fair  Acres  test  section.   A 
picture  of  this  equipment  is  shown  in  Figure  77.   This  equip- 
ment is  operated  by  PennDOT ' s  maintenance  forces  and  is 
particularly  useful  in  providing  hot  mix  for  winter  patching 
or  in  remotely  located  paving  operations  requiring  compara- 
tively small  quantities. 

The  Asphalt  Mobile  has  a  storage  capacity  of  14  tons 
(12.6  tonnes)  of  aggregate.   There  are  two  aggregate  bins, 
each  with  7  tons  (6.3  tonnes)  capacity.   The  aggregate  is 
fed  through  a  drier  and  dust  is  collected  in  a  bag  filter 
collection  system.   No  means  of  re-introducing  the  fines  into 
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Table  78.   Particle  Size  Distribution  of  Graded  Incinerator 
Residue  Used  in  Delaware  County  Test  Section 

Sieve  Size 

1/2"  (12.7  mm) 

3/8"  (9.52  mm) 

#4  (4.76  mm) 

#8  (2.38  mm) 

#16  (1.19  mm) 

#30  (0.590  mm) 

#50  (0.297  mm) 

#100  (0.149  mm) 

#200  (0.074  mm) 


Percent 

Pass 

ing 

100 

91- 

,'5 

68. 

7 

55 

.0 

44, 

,0 

33, 

0 

24, 

0 

15, 

0 

11. 

,1 

-  290  - 


m 

O. 

<  +> 

O 

o 

o 

o 

m 

in 

m 

t 

CM  -rH 

o 

rH 

00 

vo 

•"j1 

co 

cm 

r- 

£J 

r-t 

1 

O 

in 

1 
o 

i 

o 

1 

o 

1 

in 

1 

H  ^ 

00 

*r 

co 

CM 

rH 

a 

a  o 

o 

o» 

^ 

o 

o 

00 

00 

co- 

cn 

tn-H 

•H  4J 

o 

r-l 

CM 

o 

00 

cn 

co 

co 

VO 

ID    (0 

o 

en 

VO 

*» 

CM 

•H 

rH 

0)  >o 

H 

Q   ttf 

U 

o 

Oi 

C 

•0 

■H 

rH 

C 

in 

in 

m 

in 

00 

> 

(0 

cu 

o 

o 

vo 

o 

r» 

CM 

o 

r^ 

m 

cd 

•H 

H 

Cu 

U 

CQ 

in 

CM 

in 

CM 

CM 
CM 

o 

rH 

^> 

CM 

>-t 

o 

o 

G 

•p 

dP 

0 

(0 

in 

•H 

s 

OJ 

■P 

U 

-o 

CD 

•H 

C 

CO 

.* 

o 

CO 

■H 

vo 

o 

o 

o 

© 

o 

CO 

■p 

i 

-P 

o 

o 

• 

• 

• 

• 

• 

• 

• 

w 

•H 

(0 

o 

o 

o 

o 

o\ 

<Tt 

<» 

CO 

CM 

0) 

'  4J 

T3 

rH 

rH 

a\ 

*» 

rH 

Eh 

5 

(0 

>i 

O 

•P 

C 

3 

O 

U 

•0 

CO 

00 

in 

CD 

0) 

O 

>-i 

m 

in 

CM 

© 

t- 

in 

CM 

M 

•H 

(0 

ffl 

in 

H 

in 

CM 

iH 

rH 

o 

o 

o 

5 

0) 

CM 

CM 

(0 

c 

<*> 

iH 

0 

in 

0) 

-p 

CM 

Q 

CO 

U 

m 

c 

o 

rH 

O 

«M 

■H 

m 

m 

o 

00 

o 

o 

o 

00 

• 

-P 

o 

• 

• 

• 

• 

• 

• 

• 

• 

c 

Id 

(0 

o 

*T 

rH 

o 

«r 

•"» 

CO 

CM 

o 

o 

A 

13 

rH 

00 

CM 

rH 

•H 

10 

•P 

U 

id 

U 

■o 

« 

u 

o 

•0 

c 

c 

in 

in 

in 

tr> 

<D 

O 

r» 

CO 

in 

o 

in 

o 

m 

in 

-H 

CU 

rH 

CO 

3 

CQ 

o 

m 

*r 

r* 

CM 

vo 

CM 

r» 

m 

0) 

•3 

in 

** 

CO 

CM 

CM 

rH 

rH 

Q 

•H 
CO 

<1> 

<M> 
O 

in 

• 

K 

ON 

r» 

co 

C 

o 

H 

0) 

CD 

■H 

in 

r~ 

O 

O 

o 

O 

o 

• 

H 

a 

-P 

o 

• 

• 

• 

• 

• 

• 

• 

H 

•Q 

>i 

id 

o 

rH 

00 

m 

«* 

CO 

T 

in 

rH 

«d 

H 

13 

t-i 

o> 

vo 

m 

T 

CO 

CM 

rH 

Eh 

(0 
H 

O 

g 

g 

CM 

«* 

a> 

r^ 

CM 

g 

g 

O 

r^ 

•* 

r» 

N 

• 

m 

a\ 

o> 

o\ 

f-i 

O 

•H 

CM 

• 

vo 

00 

rH 

in 

CM 

• 

• 

CO 

rH 

o\ 

r» 

CO 

• 

• 

• 

O 

o 

^-* 

■*-* 

• 

• 

rH 

o 

© 

*■■* 

^»* 

CU 

«* 

CM 

■w 

>— *» 

*w* 

> 

s 

e 

•»* 

«>^ 

o 

o 

CU 

CM 

CO 

VO 

o 

o 

o 

o 

•H 

\ 

v. 

^> 

CO 

rH 

CO 

m 

rH 

CM 

CO 

T-\ 

CO 

* 

tf 

<* 

4fc 

=*■ 

** 

4* 

-    291    - 


E 
E 

8 

in 

CM    ^ 

0> 

pi         ! 

*~    M  1 

oS 

If) 
CO 

to 

(0 

S   ~ 

2. 

20        0.840 

d 

o 
if) 

CM 

d 

O) 

d 

o 
d 

CM 

c 

V 

g 

r" 

o 

CD 

t- 

to 

*■ 

CO 

> 

+-> 

CM 

c 

CO 

3 

+-> 

i— 

o 

E 

00 

o 

CO 

CD 

1_ 

c 

CO 

o 

*■ 

£ 

^■» 

CO 

CO 

r" 

CD 

o 

*■ 

Q 

M— 

'o 

c 

CD 

HI 

■ 

a 

N 

-a 

</> 

CO 

UJ 

CD 

en 

3 

CD 

O 
CO 

00 

> 

X 

1_ 

o 

UJ 

E 

3 

CO 

CO 

O 

CD 

O) 

O 

c 

CC 
< 

CO 
M— 

1_ 

CO 

n 

3 

CD 
5 

z 

CO 

o 

CM 

< 

co 

D) 

C 

< 
CN 

CO 

CO 

CD 

M— 

o 

Q 

o 

D 

O 

^ 

c 

Q 

o 

c 

o 

3 

c 

CD 

n 

03 

-O 

i_ 

v» 

+-> 

co 

CO 

o 
o 

■a 

CD 

CD 

i_ 
CO 

N 

"O 

(/) 

CD 

CD 

-a 

CO 

u 

.c 

o 
o 

'+-> 

(/> 

CM 

CO 

a. 

CD 

CD 

i_ 

3 

LL 


O 
O 


§ 


o 

o 

o 

o 

o 

o 

o 

00 

r» 

CO 

in 

** 

CO 

CM 

9NISSVd±N3DU3d 


292  - 


Figure  77. 


Asphalt  Mobile  used  for  experimental 
pavement  section  in  Delaware  County, 
Pennsylvania. 
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the  mix  were  presently  available,  although  provisions  for  such 
are  being  developed  for  future  models.   The  dried  aggregates 
are  fed  into  a  mixing  trough  where  asphalt  is  introduced  and 
the  materials  are  mixed.   The  hot  mixture  is  then  screw  fed 
and  discharged  through  a  chute  at  the  rear  of  the  Asphalt 
Mobile  as  shown  in  Figure  78 .   The  Asphalt  Mobile  has  a  mix- 
ing capacity  of  8  tons  (7.2  tonnes)  of  hot  mix  per  hour. 

A  number  of  trial  runs  were  made  using  incinerator 
residue  in  order  to  evaluate  the  Asphalt  Mobile  in  terms  of: 

1.  Ability  to  dry  out  the  residue  without  excessive 
loss  of  fine  material. 

2.  Comparing  ease  of  handling  and  continuous  mixing 
with  residues  of  different  moisture  contents. 

3.  Engineering  properties  of  blended  mixes  containing 
incinerator  residue  and  conventional  aggregates. 

4.  The  effect  on  the  mix  of  varying  the  dial  settings 
for  feed  rate  and  amount  of  added  asphalt. 

5.  The  effect,  if  any,  on  the  equipment  itself  from 
the  handling  and  mixing  of  the  residue. 

The  first  trial  run  was  conducted  at  the  Irl  Daf fin 
Company  plant.   Samples  (approximately  500  pounds  or  227 
kilograms  each)  of  residue  at  different  moisture  contents 
were  run  through  the  Asphalt  Mobile .   It  was  determined  from 
this  demonstration  that  stockpiled,  air  dried  residue  (moisture 
content  from  15  to  20  percent)  could  be  sufficiently  dried  in 
one  pass  through  the  drier  to  permit  mixing  with  asphalt. 
However,  quenched  residue  that  was  not  adequately  drained 
(moisture  contents  30  percent  and  higher)  required  at  least 
two  passes  through  the  drier  and  high  energy  input  to  suffi- 
ciently drive  off  the  moisture. 

During  drying,  a  great  deal  of  dust  resulted  with  atten- 
dant loss  of  fines  into  the  dust  collector.   One  concern 
resulting  from  this  is  the  gradation  of  the  mix.   Sieve  analy- 
ses from  later  mixes  indicated  that,  although  the  percentage 
of  fines  was  reduced,  the  mixes  still  exceeded  minimum 
gradation  requirements  for  this  fraction.  Another  concern  was 
the  effect  which  fine  glass  particles  might  have  on  the  bag 
filters  in  the  dust  collection  system.  After  substantial 
operation  of  the  Asphalt  Mobile  with  incinerator  residue  and 
inspection  of  the  bag  filters,  it  was  concluded  by  the  manu- 
facturer that  no  damage  or  other  problems  had  resulted  from 
the  use  of  the  residue . 
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Figure  7  8.   Hot  mix  from  discharge  chute 
of  Asphalt  Mobile. 
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Some  experimental  paving  mixes  were  made  at  the  PennDOT 
stockpile  area  in  Great  Valley  using  different  aggregate 
materials  in  combination  with  the  residue  to  check  the  opera- 
tion of  the  PennDOT  machine,  develop  data  for  different  blends, 
and  establish  the  proper  range  of  dial  settings  and  feed  rates 
for  the  machine.   This  was  a  matter  of  some  concern  due  to  the 
difference  in  specific  gravity  values  between  the  residue  and 
conventional  aggregate  materials.   Two  separate  test  patches 
were  mixed  and  placed  in  the  parking  lot  at  Valley  Forge 
Laboratories  to  determine  mix  proportions  and  final  dial 
settings  for  the  Asphalt  Mobile .   An  asphalt  content  of  7 
percent  was  used  to  achieve  complete  particle  coating. 

The  day  before  the  installation  of  the  test  section, 
the  slurried  residue  used  in  the  mix  was  transported  to  a 
material  stockpile  area  for  the  Pennsylvania  Department  of 
Transportation  (PennDOT)  in  Great  Valley.   The  other 
aggregates  to  be  used  in  the  experimental  mix  were  also 
stockpiled  at  this  site. 

A  front  end  loader  was  used  to  blend  the  IB  stone  and 
anti-skid  material  together.  Although  these  materials  were 
not  accurately  weighed,  they  were  blended  equally  on  a  volu- 
metric basis,  since  the  specific  gravity  value  of  each  aggregate 
is  equal  (2.76).   Therefore,  the  blended  aggregate  used  in  the 
Asphalt  Mobile  was  essentially  the  same  composition  as  that 
used  in  the  laboratory  mix.   The  moisture  content  of  the 
slurried  residue  immediately  prior  to  loading  in  the  Asphalt 
Mobile  varied  from  20  to  24  percent. 

The  mix  appeared  completely  coated  but  not  overly  wet 
as  it  was  discharged  from  the  Asphalt  Mobile.   Slight  adjust- 
ments in  the  settings  resulted  in  raising  the  temperature 
of  the  hot  mix  to  350°F.  (182°C.)  as  it  was  discharged  from 
the  Asphalt  Mobile . 

Figure  79  shows  the  placement  of  the  wearing  surface  mix 
at  Fair  Acres.   Three  passes  were  made  during  placement  of 
the  wearing  surface  mix.   A  spreader  box  was  used  for 
receiving  and  spreading  material  in  the  first  pass,  as  shown 
in  Figure  79.   However,  due  to  some  clumping  of  material  on 
the  screen  of  the  spreader  box,  the  remaining  two  passes 
were  spread  by  hand.   Rolling  was  accomplished  with  a  10 
ton  steel  wheeled  roller.   The  surface  texture  of  the  mix 
appeared  well  coated  after  rolling  with  no  noticeable  degra- 
dation of  the  glass  particles. 

As  with  the  other  sections ,  a  sample  of  the  hot  mix 
material  was  returned  to  the  laboratory  for  extraction, 
immersion-compression,  and  Marshall  testing.   Table  80  presents 
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Figure  79.   Placing  wearing  surface  mix  containing 
incinerator  residue  at  the  Delaware 
County  test  section. 
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Table  80.   Comparison  of  Design  and  Field  Gradations  for 

Delaware  County  Test  Section  Paving  Mix,  in  Percent 
Passing  by  Weight 


Sieve  Size 
1/2"  (12.7  mm) 
3/8"  (9.52  mm) 
#4  (4.76  mm) 
#8  (2.38  mm) 
#16  (1.19  mm) 
#30  (0.590  mm) 
#50  (0.297  mm) 
#100  (0.149  mm) 
#200  (0.074  mm) 


^Derived  from  asphalt  extraction  and  sieve  analysis. 


Design 
Gradation 

Field 
Gradation-1-  ' 

ID-2A 
Limits 

100 

100 

100 

91.9 

94.0 

80-100 

62.4 

68.2 

45-80 

40.0 

36.5 

30-60 

28.0 

24.5 

20-45 

19.8 

17.5 

10-35 

13.8 

12.4 

5-25 

8.8 

8.0 

4-14 

6.3 

6.1 

3-10 
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a  comparison  of  the  design  and  field  gradations  for  this  residue 
mix.   Figure  80  compares  these  gradations  along  with  the  ID-2A 
specification  limits.   As  expected,  there  was  a  slight  decrease 
in  the  amount  of  finer  material  in  the  mix.   This  was  accom- 
panied by  slightly  more  coarse  aggregate.   Because  of  the 
variables  introduced  by  mixing  in  an  Asphalt  Mobile,  the 
close  similarity  between  design-  and  field  gradations  is 
attributable  to  the  number  of  trial  runs  conducted  prior 
to  the  placement  of  the  test  section. 

Table  81  compares  the  laboratory  test  results  for  the 
design  and  field  mixes.   Stability  values  are  close,  although 
slightly  below  the  1200  minimum  value.   Flow  and  air  voids 
values  are  higher  for  the  field  mix,  as  is  the  specific 
gravity  of  the  mix.   Although  the  retained  strength  of  the 
field  mix  is  somewhat  higher  than  that  of  the  design  mix, 
both  values  are  substantially  below  the  minimum  value  of 
70  percent  retained  strength. 

Nevertheless,  the  wearing  surface  is  still  in  reasonable 
condition  after  being  in  service  for  nearly  one  year.  However,  there 
are  some  signs  of  surface  wear  and  asphalt  stripping  from 
the  glass  particles,  but  no  obvious  surface  distress  (rutting, 
ravelling,  or  cracking)  has  been  observed  to  date. 

8.1.4   Summary  of  Experimental  Pavement  Section  Installations 

The  installation  of  these  three  experimental  paving  sections 
was  successful  in  proving  that  acceptable  bituminous  concrete 
wearing  surface  mixtures  using  incinerator  residues  can  be  designed 
and  produced  in  a  conventional  asphalt  plant,  or  even  using  tran- 
sit mixing  equipment .   The  only  deviations  from  standard  mixing 
practice  are  in  the  drying  of  the  residue  having  relatively  high 
initial  mositure  content,  the  higher  asphalt  contents  needed  for 
coating  of  the  mix,  and  the  addition  of  approximately  two 
percent  by  weight  of  dry  hydrated  lime  to  the  mix. 

None  of  the  three  experimental  mixes  required  any  special 
handling  during  placement  operations.   Each  mix  was  placed 
using  different  techniques.   The  Philadelphia  mix  was  placed 
by  hand;  the  Delaware  County  mix  was  placed  using  a  spreader 
box  and  also  by  hand;  the  Harrisburg  mix  was  placed  by  means 
of  a  Barber-Greene  paving  machine .   No  problems  were  encoun- 
tered during  placement  operations  with  any  of  the  three 
test  section  mixes. 

The  traffic  volumes  at  two  of  the  three  sites  are  between 
1750  and  2000  vehicles  per  day.   Although  there  are  accelera- 
tion and  deceleration  movements  at  each  of  these  locations, 
the  mixes  containing  incinerator  residue  have  performed 
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Table  81.   Summary  of  Laboratory  Test  Results  for  Incinerator 
Residue  Wearing  Surface  Mix  Used  in  Delaware  County 
Test  Section 


Stability  (lbs) 
Flow  (.01  in) 
Air  Voids  (Percent) 
VMA  (Percent) 
Retained  Strengths- 
Asphalt  Content^ 
Bulk  Specific  Gravity 
Density  (lbs/ft3) 


Retained  strength  expressed  as  percent  of  molded  strength 
as  determined  by  immersion -compression  test. 

2 Asphalt  content  expressed  as  percent  by  weight  of  total  mix 

1  lb  =  .4536  kilogram 

1  inch  =  25 .4  mm 

1  lb/ft3  =  16.02  kilograms/cubic  meter 


Design 

Field 

Mix 

Mix 

1195 

1165 

11.7 

16.8 

2.4 

5.5 

26.0 

18.9 

35.2 

49.5 

7.0 

7.1 

2.05 

2.25 

127.9 

140.4 
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equally  as  well  as  the  control  mixes  placed  at  the  same  time. 
The  following  section  briefly  describes  the  performance  moni- 
toring of  these  test  sections. 

8.2   MONITORING  OF  EXPERIMENTAL  SECTIONS 

As  noted  previously,  the  performance  of  the  three  test  sec- 
tions constructed  with  experimental  paving  mixtures  has  been 
monitored  over  a  one  year  period  from   the  time  of  installation. 
This  monitoring  consisted  of  periodic  visual  inspection  and 
obtaining  and  testing  of  core  samples  from  the  pavement.   The 
core  samples  were  evaluated  for  their  density,  gradation,  and 
skid  resistance  characteristics.   This  section  of  the  report 
is  concerned  with  the  skid  resistance  characteristics  of 
these  mixtures. 

The  skid  resistance  of  a  pavement  is  derived  from  the 
surface  texture  of  the  mixture  and  the  wearing  or  polishing 
characteristics  of  the  aggregate.   Figure  81  shows  the  surface 
texture  of  a  wearing  surface  course  constructed  with  a  paving 
mixture  containing  incinerator  residue.   Note  the  exposed  piece 
of  metal  and  the  particles  of  glass  and  ceramics  at  the  surface 
of  the  pavement. 

Originally,  it  was  planned  that  a  skid  trailer  would 
be  used  to  measure  the  skid  resistance  at  each  experi- 
mental location.   However ,  a  minimum  distance  of  2  00  feet 
(60.96  meters)  is  required  to  perform  a  locked  wheel  test  at 
40  miles  per  hour  (64.4  kilometers  per  hour)  with  a  skid 
trailer.  ^  Only  the  Harrisburg  test  section  has  more  than 
200  feet  (6  0.96  meters)  of  incinerator  residue  pavement,  and 
since  this  test  section  is  located  adjacent  to  a  residential 
area,  it  was  decided  not  to  perform  locked  wheel  skid  trailer 
tests  at  that  speed  in  such  an  area.   Therefore,  a  laboratory 
evaluation  of  skid  resistance  was  performed  using  the  British 
portable  skid  testing  facilities  of  the  Pennsylvania  Depart- 
ment of  Transportation  (PennDOT) . 

r 

Skid  resistance  testing  v/as  performed  on  6  inch  (152.4  mm) 
diameter  core  specimens  taken  from  the  site  at  different  inter- 
vals during  the  monitoring  period.   A  typical  core  specimen 
is  shown  in  Figure  69.   These  specimens  were  transported  to 
the  Penn  DOT  Bureau  of  Materials  Testing  and  Research  labora- 
tory in  Harrisburg.   Each  specimen  was  placed  in  an  apparatus 


23 

Mr.  Wade  Gramlmg,  Research  Coordinator,  Pennsylvania 

Department  of  Transportation.   Personal  communication 
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Figure  81.   Surface  texture  of  incinerator  residue 
wearing  surface  mixture. 
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termed  the  North  Carolina  polishing  wheel  for  a  period  of 
four  hours  and  evaluated  for  skid  resistance  using  the 
British  portable  skid  testing  apparatus  in  accordance  with 
the  procedure  described  in  ASTM  E303. 

Table  82  compares  the  skid  resistance  values  for  the 
residue  mix  and  ID-2A  control  mix  at  each  location.   These 
values  are  expressed  as  British  portable  skid  numbers  (BPN) , 
which  represent  an  average  of  the  values  determined  for 
each  specimen  tested.   A  higher  skid  number  indicates  better 
skid  resistance.   The  expected  range  of  initial  skid  numbers 
for  a  paving  mix  with  limestone  aggregate  is  between  70  and 
80.   The  expected  range  for  paving  mixtures  with  gravel  or 
sandstone  is  between  85  and  95. 24 


Table  82.   Skid  Resistance  Values  for  Experimental  Test  Sections 

Residue  Mix  ID-2A  Mix 

Number  of   Average   Number  of   Average 
Location  Specimens  BP  Number  Specimens  BP  Number 

Philadelphia  6         88.3        3         87.0 

Harrisburg  9         99.8        3         91.3 

Delaware  County  4         84.5 

The  skid  resistance  values  shown  in  Table  82  reflect 
several  months  of  surface  wear.   The  Philadelphia  and  Harris- 
burg test  sections  had  been  in  service  for  approximately  three 
months  when  the  skid  tests  were  performed.   The  Delaware 
County  test  section  had  been  in  service  for  approximately 
five  months  at  the  time  of  the  skid  resistance  testing.   Since 
traffic  volumes  are  quite  low  at  the  Harrisburg  section,  the 
pavement  experienced  very  little  surface  wear.   Therefore, 
the  skid  numbers  for  the  Harrisburg  mixes  are  comparatively 
high. 

Currently  available  skid  resistance  data  shown  in  Table 
82  indicates  that  the  mixes  containing  incinerator  residue 
have  somewhat  higher  skid  resistance  numbers  than  the  ID-2A 
wearing  surface  mixes.   The  improved  skid  resistance  of  the 
residue  mixes  may  be  due  to  the  differential  wearing  characteris- 


24 

Mr.  Richard  Howe,  Research  Engineer,  Pennsylvania  Department 

of  Transportation.   Personal  communication. 


-  304  - 


tics  of  the  various  components  in  the  mix  (glass,  metal,  miner- 
als) .  Further  testing  is  to  be  performed  and  all  results  from 
the  monitoring  of  the  experimental  sections  will  be  presented 
in  a  separate  submission. 

8.3   ECONOMIC  EVALUATION 

Although  the  technical  feasibility  of  using  incinerator 
residue  as  a  highway  construction  material  has  been  demonstra- 
ted during  this  study,  the  utilization  of  this  material  on  a 
large  scale  will  be  determined  largely  by  economic  factors. 
One  important  requirement  for  considering  the  use  of  a  by- 
product such  as  incinerator  residue  is  the  existence  of  rela- 
tively large  quantities  on  a  continuous  basis.   The  major 
metropolitan  areas  where  incinerator  plants  are  located,  as 
shown  in  Figure  3  and  listed  in  Table  2,  do  produce  sufficient 
quantities  of  incinerator  residue  to  supply  a  substantial  por- 
tion of  the  paving  material  needs  in  a  given  area. 

Another  factor  influencing  the  potential  utilization  of 
incinerator  residue  is  the  availability  and  relative  cost  of 
conventional  aggregate  materials.  Many  sections  of  the  United 
States  are  experiencing  some  shortages  in  the  supply  of  high 
quality  aggregate,  particularly  in  metropolitan  areas  where 
environmental  and  land  use  considerations  have  prevented  the 
development  of  many  aggregate  deposits. 

Since  the  most  promising  use  of  incinerator  residue  from 
a  technical  standpoint  appears  to  be  as  an  aggregate  in  bitu- 
minous paving  mixtures,  this  economic  evaluation  will  consider 
only  the  economic  factors  associated  with  this  particular  use. 
From  the  standpoint  of  a  municipality,  the  economic  factors 
associated  with  utilization  of  incinerator  residue  in  bituminous 
paving  mixtures  are : 

1.  Solid  waste  costs 

2.  Material  processing  costs 

3.  Asphalt  paving  costs 

4.  Resource  recovery  costs 

5.  Pavement  maintenance  costs. 

Each  of  these  cost  factors  will  be  discussed.   An  example 
of  the  costs  associated  with  the  use  of  incinerator  residue  in 
bituminous  paving  mixtures  will  be  presented,  based  on  actual 
cost  figures. 

8.3.1  Solid  Waste  Costs 

The  costs  of  solid  waste  disposal  by  incineration  do 
vary  somewhat  from  one  area  to  another.   The  costs  involve  the 
cost  of  operating  and  maintaining  an  incinerator  and  the  cost 
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of  disposing  of  the  residue  from  incineration.   In  many  cases 
the  costs  for  these  two  operations  are  not  separated,  depend- 
ing on  the  accounting  practices  employed  by  a  particular 
municipal  government. 

The  cost  of  incineration  is  based  on  a  ton  of  municipal 
refuse  before  incineration .   Depending  on  the  type  and  size 
of  the  incinerator  plant,  efficiency  of  operation,  local  labor 
wage  rates,  and  necessary  maintenance  of  equipment,  the  cost 
of  incineration  may  vary  from  $7.50  to  $15.00  per  ton  ($11.00 
to  $16.50  per  tonne)  of  refuse.   These  figures  also  depend  on 
the  number  of  days  and  shifts  in  the  operation  of  the  plant.25 

The  cost  of  disposal  is  based  on  a  ton  of  residue  after 
incineration.   Therefore,  the  two  costs  are  not  directly  com- 
parable.  In  areas  where  disposal  space  is  readily  available 
at  or  near  the  incinerator  plant,  the  costs  may  be  as  low  as 
$.25  to  $.50  per  ton  ($.275  to  $.55  per  tonne)  of  residue. 
Where  longer  hauling  distances  (20  miles  or  32.2  kilometers, 
or  more)  are  involved,  disposal  costs  increase  proportionately. 
In  addition,  dumping  fees  are  involved  at  most  landfill  sites 
and  this  cost  must  be  included  in  the  overall  cost  of  disposal. 
Depending  on  the  hauling  distance  and  dumping  fees,  disposal 
costs  of  $2.50  to  $10.00  per  ton  ($2.75  to  $11.00  per  tonne) 
of  residue  are  possible.   If  the  residue  were  utilized,  most, 
if  not  all,  of  the  disposal  cost  would  be  saved. 

8.3.2  Material  Processing  Costs 

Material  processing  of  incinerator  residue  involves 
reduction  in  the  particle  size  distribution  and  moisture  con- 
tent of  the  residue.   Reductions  in  the  particle  size  distri- 
bution of  incinerator  residue  can  be  accomplished  by  screening, 
trommeling,  or  hammermill  shredding. 

The  cost  of  size  separation  by  means  of  vibratory  screen- 
ing can  range  from  $1.00  to  $2.00  per  ton  ($1.10  to  $2.20  per 
tonne)  of  residue,  including  the  transporting  and  handling  of 
the  material.   For  incinerator  plants  equipped  with  trommel 
screens,  the  cost  of  screening  is  a  function  of  the  amortiza- 
tion and  operating  costs  of  the  equipment,  but  will  probably 
also  be  in  the  range  of  $1.00  to  $2.00  per  ton  ($1.10  to  $2.20 
per  tonne)  of  residue.   The  use  of  trommel  is  recommended. 

Shredding  by  hammermill  is  commonly  used  as  the  first 
stage  of  processing  in  resource  recovery  and  energy  recovery 


25Weinstein,  Norman  J.  and  Toro,  Richard  F.  "Costs  for  Thermal 
Processing."   Public  Works,  May,  1976,  pp.  61-66. 
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solid  waste  systems.   In  such  systems,  municipal  refuse  is 
shredded  prior  to  separation  and/or  incineration.   Published 
figures  indicate  that  the  costs  of  shredding  range  from 
approximately  $2.00  to  $5.00  per  ton  ($2.2  0  to  $5.50  per  tonne) 
of  refuse. ^^   if  shredding  were  performed  after  incineration, 
the  bulk  density  of  the  material  would  be  two  to  three  times 
that  of  the  incoming  refuse.   The  residue  material  would  also 
be  more  uniform  in  composition  and  maximum  particle  sizes  would 
be  reduced  prior  to  shredding.   Shredding  costs  for  incinerator 
residue  could  range  from  $1.50  to  $4.00  per  ton  ($1.65  to 
$4.40  per  tonne)  of  residue,  depending  on  the  size  and  efficien- 
cy of  the  shredding  equipment. 

Drying  of  residue  involves  reducing  the  moisture  content 
from  the  15  to  25  percent  range  for  stockpiled  and  drained  resi- 
due to  less  than  2  percent  prior  to  mixing.   The  principal  cost 
involved  is  that  of  fuel.   The  costs  of  drying  residue  may  be 
several  times  that  of  drying  conventional  aggregates  due  to  the 
proportionately  higher  moisture  content  of  the  residue.   There- 
fore, a  cost  of  $1.00  to  $2.00  per  ton  ($1.10  to  $2.20  per 
tonne)  for  drying  of  residue  is  assumed.   The  capacity  of  an 
asphalt  plant  may  be  reduced  since  excess  energy  is  used  to 
dry  the  residue,  although  residue  does  have  some  heat  value. 

8.3.3  Asphalt  Paving  Costs 

The  cost  factors  associated  with  producing  a  bituminous 
mix  containing  incinerator  residue  include  the  cost  of  the 
aggregate  and  asphalt  and  the  introduction  of  hydrated  lime  to 
the  mix,  which  is  not  done  in  the  general  production  of  con- 
ventional paving  mixes. 

The  cost  of  aggregates,  excluding  hauling  costs,  can  vary 
greatly  depending  on  local  supply  conditions.   The  range  of 
costs  may  be  from  $1.50  up  to  $6.00  per  ton  ($1.65  to  $6.60 
per  tonne) ,  or  even  higher  in  areas  where  severe  shortages 
exist.   The  substitution  of  incinerator  residue  for  50  percent 
by  weight  of  the  aggregate  in  a  paving  mix  would  save  half  of 
the  cost  of  the  aggregate  used  in  the  mix. 

The  cost  of  asphalt  has  escalated  rapidly  and  currently 
is  in  the  range  of  $70.00  to  $75.00  per  ton  ($77.00  to  $82.67 
per  tonne),  not  including  shipping  costs.   The  introduction 
of  incinerator  residue  into  a  paving  mix  increases  the  percentage 


26 

DeZeeuw,  Richard  E.,;  Haney,  Emil  B.;  and  Wenger ,  Robert  B. 

"Solid  Wastes  Shredder  Facilities  in  the  U.S.  and  Canada." 
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of  asphalt  required  for  complete  coating  of  the  aggregate  in 
the  mix,  due  to  the  absorption  of  some  asphalt  into  the  resi- 
due itself.   The  amount  of  additional  asphalt  required  for 
incinerator  residue  mixes  is  not  directly  proportional  to  the 
increase  in  asphalt  content  of  the  mix  because  the  specific 
gravity  of  the  incinerator  residue  mixes  is  lower  than  that  of 
conventional  mixes.   However,  it  is  conservatively  estimated 
that  an  additional  one  percent  of  asphalt  is  required  for 
coating  of  mixes  containing  incinerator  residue. 

The  addition  of  lime  into  incinerator  residue  mixes 
results  in  an  extra  cost  compared  to  that  of  conventional 
mixes.   Commercial  hydrated  lime  presently  costs  approxi- 
mately $40.00  per  ton  ($44.00  per  tonne)  where  it  is 
locally  available.   The  cost  of  transportation  would  be 
additional.   An  average  of  two  percent  by  weight  of  lime  is 
recommended  for  addition  to  mixes  containing  incinerator 
residue. 

8.3.4   Resource  Recovery  Costs 

The  component  of  incinerator  residue  of  greatest  interest 
in  resource  recovery  is  the  ferrous  metal.  This  component 
accounts  for  approximately  25  to  30  percent  by  weight  of  all 
incinerator  residue,  or  14  percent  of  residue  in  which  the 
oversize  material  has  been  separated.  Generally,  about  80 
percent  of  the  ferrous  metal  in  incinerator  residue  can  be 
reclaimed  (47) . 

The  cost  of  operating  a  magnetic  separator  can  be  expected 
to  vary  between  $.50  and  $1.00  per  ton  ($.55  and  $.1.10  per 
tonne)  of  residue.   The  market  for  ferrous  scrap  is  unpredic- 
table from  one  area  to  another  and  fluctuates  with  the  economy. 
Market  prices  for  reclaimed  ferrous  scrap  have  been  quoted  in 
the  vicinity  of  $20.00  per  ton  ($22.00  per  tonne)  for  a  Mo.  2 
factory  bundle  (75).   This  is  equivalent  to  from  $4.00  to  $8.00 
per  ton  ($4.40  to  $8.80  per  tonne)  of  residue.   Market  condi- 
tions for  ferrous  scrap  reclaimed  from  incinerator  residue  must 
be  carefully  investigated,  since  there  is  a  higher  level  of  tin 
and  copper  in  the  ferrous  metal  from  incinerator  residue  than 
in  ferrous  scrap.   The  residue  should  also  not  have  a  high 
percentage  of  unburned  combustible  material.   If  so,  further 
processing  is  necessary  before  reclaiming  (47) . 

Where  revenue  is  possible  from  the  reclaiming  of  ferrous 
metal,  it  should  be  removed  from  incinerator  residue.   Laboratory 
tests  have  confirmed  that  the  removal  of  ferrous  metal  is  not 
detrimental  to  the  Marshall  design  parameters  of  a  paving  mix. 
On  the  contrary,  removal  of  ferrous  metal  could  improve  the 
long  term  strength  of  the  mix  ,  since  the  deleterious  effects 
of  oxidation  of  ferrous  metal  particles   would  be  avoided. 
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8.3.5  Pavement  Maintenance  Costs 

At  the  present  time,  insufficient  information  is  availa- 
ble to  predict  the  anticipated  life  of  paving  mixes  containing 
incinerator  residue.   Further  study  is  needed  for  mixes  con- 
taining incinerator  residue  in  order  to  develop  data  relating 
wear  resistance  and  pavement  performance  to  differences  in 
traffic  and  climatic  conditions.   Presumably,  the  pave- 
ment life  of  base  course  mixtures  containing  incinerator 
residue  will  be  considerably  longer  than  similar  wearing 
surface  mixtures.   It  is  not  certain  whether  a  difference  in 
pavement  life  will  exist  between  incinerator  residue  mixes  and 
conventional  asphalt  paving  mixes. 

Table  83  presents  an  example  of  the  cost  factors  which 
interact  when  substituting  incinerator  residue  as  an  aggregate 
in  bituminous  wearing  surface  mixtures.   The  cost  figures  in 
this  table  are  assumed  figures  based  on  the  average  costs 
stated  in  this  report.   Precise  cost  figures  for  each  item 
must  be  determined  in  each  geographical  area. 

The  base  cost  of  a  ton  of  bituminous  wearing  surface 
material  is  assumed  as  $12.00.   For  a  disposal  cost  per  ton  of  residue 
of  $6.00  a  cost  reduction  of  $4.00  is  assumed,  because  some 
oversize  material  must  be  disposed  of.   Since  the  residue  and 
aggregate  each  comprise  approximately  fifty  percent  of  the 
mix,  associated  costs  are  reduced  by  half.   The  costs  for 
ferrous  recovery  are  reduced  to  one-half  of  their  value 

although  ferrous  metal  will  comprise  at  most  one-eight  the 
weight  of  the  paving  mix.   Since  mixes  containing  residues 
have  a  lower  specific  gravity  than  conventional  paving  mixes, 
a  ton  of  residue  paving  mix  can  be  expected  to  provide  up  to 
10  percent  increased  area  coverage  than  a  ton  of  conventional 
paving  mix.   This  accounts  for  the  volume  factor  in  Table  83. 

According  to  a  comparative  analyses  of  the  items  listed  in  Table  83, 
some  cost  advantage  can  be  expected  from  the  substitution  of  incinerator 
residue  for  the  customary  aggregate  used  in  a  bituminous  wearing  surface 
mix,  particularly  when  ferrous  metal  is  reclaimed  from  the  residue.  The  cost 
advantage  may  be  greater  in  a  base  couise  mix,  where  a  higher 
percentage  of  residue  is  screened  for  use,  resulting  in  lower 
disposal  cost  and  the  possibility  of  slightly  less  asphalt 
and  lime  needed  for  the  nix.   The  cost  of  producing  a  bitumin- 
ous paving  mix  is  increased  by  substitution  of  incinerator 
residue  for  aggregate,  but  is  offset  by  a  savings  in  the 
disposal  cost  and  increased  coverage  per  ton  of  residue,  mix. 

A  detailed  analysis  of  all  related  cost  factors  must  be 
performed  for  each  individual  situation  when  deciding  whether 
to  utilize  incinerator  residue  in  paving  mixtures.   In  addi- 
tion, maintenance  costs  dependent  on  comparative  performances 
of  incinerator  residue  paving  mixes  and  regular  paving  mixes 
should  be  given  proper  consideration. 


Table  83 .   Economic  Evaluation  of  the  Use  of  Incinerator  Residue  as 
One-Half  of  the  Aggregate  in  Bituminous  Paving  .Mixtures 

(Costs  Expressed  in  Dollars  per  Ton  of  Paving  Mix) 

SOLID  WASTE  COSTS 

Estimated  Disposal  Cost  =  $2.00  per  ton  ($2.20  per  tonne) 
This  cost  will  vary  from  one  locality  to  another. 

NET  COST  REDUCTION  =  $2.00  ($2.20) 

MATERIAL  PROCESSING  COST 

Cost  of  Screening  =  $0.75  per  ton  ($0,825  per  tonne) 
Cost  of  Drying  =   $0.75  per  ton  ($0,825  per  tonne) 

NET  COST  ADDITION   =  $1.50  ($1.65) 

ASPHALT  PAVING  COSTS 

Cost  of  Added  Asphalt  =  $.70  per  ton  ($.77  per  tonne) 
Cost  of  Hydrated  Lime  =  $.80  per  ton  (  $.88  per  tonne) 

NET  COST  ADDITION   =  $1.50  ($1.65) 
Estimated  Aggregate  Cost  =  $3.00  per  ton  ($3.30  per  tonne) 
Reduced  Cost  of  Aggregate  =  $1.50  per  ton  ($1.65  per  tonne) 

NET  COST  REDUCTION  =  $1.50  ($1.65) 

RESOURCE  RECOVERY  COSTS  (OPTIONAL) 


Cost  of  Magnetic  Separation  =  $0.50  per  ton  ($  0-58  per  tonne) 

NET  COST  ADDITION   =  $0.50   ($  0.58  ) 

Revenue  from  Ferrous  Scrap  =   20. 00 per  ton  ($  22,00per  tonne) 

NET  COST  REDUCTION  =$2.00   ($2.20) 

ANALYSIS  OF  COSTS 

Base  Cost  of  Paving  Material       =  $12.0ol  ($13.20) 

Total  Net  Cost  Additions  =  $  3.002  ($3.30) 

$15. 00^  ($16.50) 

Total  Net  Cost  Deductions  =  $3 .502  ($3.85) 

Cost  of  Residue  Paving  Material    =  $11.50^  ($12.65) 

Cost  of  Residue  Paving  Material    =  $11.50   ($12.65) 
Resource  Recovery  Cost  Addition    =  $  0.  50   ($  0.58) 

$12,00  ($13.23  ) 
Resource  Recovery  Cost  Deduction  =  $  2.00  ($  2.20  ) 
Cost  of  Residue  Paving  Material    =  $1(5".  003  ($11 '.03) 

NOTE :   Cost  of  residue  paving  material  can  be  further  reduced  by 
applying  a  volume  factor  of  10  percent.   This  would  result 
in  actual  pricing  costs  of  $10.35  ($11.39)  and  $9.00   ($  9.93) 
respectively,  depending  on  resource  recovery. 

ICost  per  ton  (tonne) 

■'Cost  not  including  resource  recovery 

JCost  including  resource  recovery 
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9.   CONCLUSIONS  AND  RECOMMENDATIONS 

This  chapter  presents  a  summary  of  the  findings  of  this 
study  in  the  form  of  conclusions  and  recommendations  related 
to  possible  use  of  municipal  incinerator  residue  as  a  highway 
construction  material. 

9.1   CONCLUSIONS 

The  conclusions  resulting  from  this  study  are: 

9.1.1  Municipal  Incinerator  and  Residue  Production 

1.  Incineration  plays  a  significant  role  in  the  dis- 
posal of  solid  waste  in  the  United  States.   Each 
year  municipal  incinerator  plants  process  between 
15  and  20  million  tons  of  refuse,  resulting  in 
the  generation  of  nearly  5  million  tons  of  incin- 
erator residue.   Incinerator  plants  are  presently 
located  in  24  states  and  the  District  of  Columbia. 
The  largest  concentration  of  these  facilities  are 

in  the  so-called  "incinerator  belt"  in  the  Northeast 
which  extends  from  Richmond,  Virginia  through 
Boston,  Massachusetts. 

2.  As  of  December,  1975,  there  were  141  operating  muni- 
cipal incinerator  plants  in  this  country.   The  total 
number  of  these  plants  has  decreased  markedly  over 
the  past  ten  years,  mainly  due  to  stricter  air 
pollution  standards  and  obsolescent  equipment. 
However,  the  total  amount  of  refuse  being  incinera- 
ted has  remained  relatively  constant  because  of 

the  recent  construction  of  very  large  centralized 
plants  to  replace  the  older  facilities  that  are  being 
phased  out. 

3.  Recent  concern  for  the  conservation  of  materials 
and  the  supply  of  energy  resources  has  created  new 
policy  directions  in  solid  waste  management.   Solid 
waste  is  now  viewed  as  a  potential  source  of  raw 
materials  and  energy.   The  future  direction  of  new 
incinerator  plant  design  in  this  country  is  toward 
the  implementation  of  energy  recovery  systems,  with, 
for  example,  waterwall  incinerators  and  pyrolysis 
operations.   Where  sufficient  markets  exist  for 
recoverable  materials,  incineration  may  be  preceded 
by  recovery  processes,  primarily  the  magnetic 
separation  of  ferrous  metal. 
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4.   The  principal  objective  of  municipal  incineration  is 
to  reduce  the  volume  of  incoming  solid  waste.   There 
is  no  attempt  made  to  control  the  quality  of  the  by- 
product residue  from  incineration.   Even  in  well 
designed  and  operated  incinerator  plants,  periodic 
variations  in  the  components  of  municipal  solid  waste 
will  cause  fluctuations  in  the  composition  of  the 
resultant  residue.   Refuse  collected  during  wet 
weather  also  affects  the  quality  of  the  incinerator 
residue. 

9.1.2   Composition  and  Characterization  of  Incinerator  Residue 

1.  Residue  quality  can  best  be  described  in  terms 
of  burn-out  which  is  dependent  on  the  design  of 
the  incinerator  furnace  and  grates  and  the 
efficiency  at  which  an  individual  plant  is  operated. 
A  classification  system  was  developed  in  which  six 
basic  types  of  residues  were  originally  identified, 
based  on  their  expected  degrees  of  burn-out.   For 
practical  purposes,  however,  incinerator  residues 
can  be  broadly  categorized  into  three  classes:   well 
burned,  intermediately  burned,  and  poorly  burned. 
The  classes  can  be  related  to  basic  plant  design. 
Furnaces  in  which  the  solid  waste  is  agitated  on 

a  grate  during  combustion  usually  produce  well 
burned  residue.   Most  traveling  grate  furnaces 
produce  intermediately  burned  residue,  while  batch 
furnaces  or  poorly  operated  traveling  grate  fur- 
naces produce  poorly  burned  residues.   A  special 
class  of  residue,  that  resulting  from  pyrolysis 
operations,  was  also  identified  in  this  study. 

2.  Incinerator  residue  is  a  heterogeneous  material 
composed  primarily  of  glass,  metals,  minerals,  ash, 
and  unburned  combustibles.   These  components  are 
found  in  varying  precentages  in  residue  from 
different  sources.   Based  on  the  analyses  conducted 
in  this  study,  the  average  composition  of  incinerator 
residue  by  weight  is  approximately  4  8  percent  glass, 
18  percent  metals,  21  percent  minerals  and  ash,  and 
13  percent  combustibles.   Significantly  lower  per- 
centages of  combustible  and  correspondingly  higher 
percentages  of  mineral  matter  are  found  in  well 
burned  residues.   Pyrolysis  residues  contain  higher 
percentages  of  glass  and  minerals  and  very  low  per- 
centages of  metals  and  combustible  matter. 
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3.  Moisture  contents  of  incinerator  residue  can  vary 
widely,  depending  upon  whether  the  residue  has  been 
freshly  quenched  or  has  been  stockpiled  or  drained 
for  a  period  of  time.   Freshly  quenched  residues 
have  very  high  moisture  contents  (forty  to  sixty 
percent)  and  are  chemically  reactive  while  stock- 
piled and  drained  residues  have  more  acceptable 
moisture  contents  (fifteen  to  twenty-five  percent) 
and  are  more  inert.   Stockpiling  also  tends  to 
reduce  the  percentage  of  combustibles  due  to  oxida- 
tion . 

4.  The  particle  size  distribution  of  incinerator  residues 
is  fairly  uniform.   If  gross  oversize  materials  (auto 
parts,  small  appliances,  etc.)  are  separated,  nearly 
all  particles  are  smaller  than  3  inches  (76.2  mm) 

in  diameter.   From  70  to  90  percent  of  incinerator 
residue  by  weight  is  finer  than  1-1/2  inches  (38.1  mm) 
in  diameter  and  is  sufficiently  well  graded  to  conform 
to  existing  gradation  specifications  for  bituminous 
base  course  aggregate.   In  some  incinerator  plants, 
screening  is  employed  as  a  means  of  ferrous  metals 
recovery.   The  resultant  residue  material  generally 
conforms  to  specification  requirements  with  little 
or  no  further  size  control. 

9.1.3.   Highway  Use  of  Incinerator  Residue 

1.  Incinerator  residues  have  been  successfully  used 
in  a  variety  of  highway  related  applications, 
including  controlled  fill,  subgrade,  stabilized 
base  course,  and  bituminous  base  course  materials. 
A  number  of  these  applications  have  been  carefully 
controlled  and  well  documented .   Patents  have  been 
issued  for  the  use  of  incinerator  residue  as  an 
aggregate  in  lime  stabilized  base  course  formulation 
and  in  bituminous  base  course  and  wearing  surface 
mixtures . 

2.  Because  of  the  high  absorption  of  incinerator 
residue  and  a  tendency  for  its  degradation  under 
compactive  loads,  this  material  does  not  exhibit 
normal  moisture-density  behavior  in  the  laboratory. 
However,  incinerator  residue  does  compact  well  in 
the  field  and  serves  as  a  capable  fill  material. 
Nevertheless,  the  leachate  from  incinerator  residue 
is  a  negative  factor  in  considering  its  use  as  a 
fill  material. 
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3.  High  absorption  also  contributes  to  the  difficulty 
of  accurately  determining  the  apparent  specific 
gravity  of  incinerator  residues.  A  "dry  back" 
procedure  must  be  used  in  order  to  correct  the 
bulk  specific  gravity  values  in  order  to  obtain 
apparent  specific  gravity.   The  heterogeneous 
nature  of  the  residues  makes  it  necessary  to 
increase  the  size  of  the  sample  normally  used  for 
specific  gravity  determinations  in  order  to  obtain 
repeatable  values  for  the  measurements. 

4.  Incinerator  residue  is  able  to  satisfy  many  of 

the  quality  control  standards  used  for  conventional 
aggregate  materials.   However,  a  number  of  the 
evaluative  tests  now  being  used  for  conventional 
materials  may  not  be  applicable  in  their  present 
form  for  accurately  determining  the  suitability  of 
incinerator  residue.   Examples  of  such  tests  are 
those  for  specific  gravity,  Los  Angeles  abrasion, 
and  lightweight  particles. 

9.1.4  Stabilized  Base  Course  Mixtures 

1.  Because  of  the  moisture  sensitive  nature  of  the 
residue,  the  optimum  moisture  contents  used  in 
the  molding  of  stabilized  base  course  mixtures 
containing  lime  or  cement  must  be  determined  on 
the  basis  of  moisture-density  testing,  together 
with  engineering  judgment. 

2.  Laboratory  testing  of  stabilized  base  compositions 
indicates  that  cement  stabilization  of  well  burned 
residues  produces  mixtures  which  are  acceptable  on 
the  basis  of  7  day  compressive  strength  and  dura- 
bility criteria.  Fly  ash  must  be  added  to  lime  in 
order  to  provide  acceptable  mixtures  on  the  basis 

of  7  day  compressive  strength  and  durability  criteria. 

3.  The  use  of  various  processing  steps  does  not  appear 
to  have  a  significant  effect  on  compressive  strength 
development  of  stabilized  base  mixtures,  except  for 
the  removal  of  combustibles.   However,  the  addition 
of  an  equal  weight  percentage  of  crushed  stone 
aggregate  improves  the  compressive  strength  devel- 
opment of  these  mixtures . 

4.  Mixtures  using  stockpiled  residues  exhibit  improved 
strength  gaining  properties  compared  to  mixtures  using 
fresh  residue. 
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9.1.5  Portland  Cement  Concrete  Mixes 

1.  The  use  of  incinerator  residue  in  portland  cement 
concrete  creates  a  reaction  between  the  free  aluminum 
in  the  residue  and  the  cement  in  the  mixture .   This 
reaction  results  in  the  formation  of  hydrogen  gas, 
causing  volume  expansion,  loss  of  strength,  and 

a  possible  environmental  hazard. 

2.  The  strength  development  of  portland  cement  concrete 
mixtures  using  incinerator  residue  is  limited  by 
the  inherent  strength  of  the  residue  itself.   High 
strengths  are  not  attainable  even  in  mixtures  where 
residue  and  aggregate  are  blended  on  an  equal  weight 
basis. 

3.  Control  of  the  aluminum  in  the  residue  by  extended 
pre-reaction  in  lime  slurry  eliminates  most  of  the 
aluminum-cement  reaction,  but  still  does  not  result 
in  compressive  strengths  comparable  to  those  of 
conventional  mixes. 

4.  Portland  cement  concrete  mixes  containing  incinerator 
residue  are  similar  in  behavior  to  any  other  low 
strength  concrete.   One  exception  is  with  the  test 
specimens  from  mixes  containing  pyrolysis  residue 
and  aggregate,  in  which  compressive  strengths  in 
excess  of  4000  pounds  per  square  inch  (281.2  kilo- 
grams per  square  centimeter)  were  observed. 

9.1.6  Bituminous  Mixtures 

1.  The  use  of  incinerator  residue  in  bituminous  base 
course  and  wearing  surface  mixes  resulted  in 
mixtures  which  met  Marshall  design  criteria  for 
medium  or  heavy  traffic  mixes  in  most  cases.   Improved 
stability,  flow,  and  voids  values  resulted  when  incin- 
erator residue  was  blended  with  properly  graded  crushed 
stone  on  an  equal  weight  basis.   Lack  of  complete 
knowledge  of  asphalt  absorption  by  the  residue  in 
these  mixtures  prevents  a  completely  accurate  deter- 
mination of  air  voids  values. 

2.  Marshall  design  values  should  not  be  the  sole  criteria 
for  the  design  of  bituminous  mixtures.   The  coatabil- 
ity  of  the  aggregate  particles  is  also  essential  to 
the  design  of  an  acceptable  mix.   Since  incinerator 
residue  is  an  absorptive  material,  a  greater  amount 

of  asphalt  is  required  for  coatability  than  is  nor- 
mally required  for  conventional  mixtures.   Blending 
of  the  residue  with  properly  graded  crushed  stone 
reduced  the  percentage  of  asphalt  required  for  coat- 
ability. 
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3.  The  addition  of  hydra ted  lime  in  a  dry  or  slurry 
form  improved  the  coatability  and  anti-stripping 
characteristics  of  the  incinerator  residue  mixtures 
evaluated  in  this  study.   Approximately  two 
percent  by  weight  of  lime  was  added  to  these 
mixtures. 

4 .  Except  for  removal  of  combustibles  from  incin- 
erator residue,  the  level  of  processing  did 
not  significantly  affect  Marshall  design 
values.   There  is  some  concern  that  ferrous 
metal  particles  remaining  in  a  bituminous 
mixture  would  eventually  oxidize  and  cause  asphalt 
stripping,  but  no  widespread  evidence  of  such  an 
occurrence  was  observed. 

5.  The  experiences  of  this  study  and  previous  work 
have  indicated  that  satisfactory  base  course  and 
wearing  surface  mixtures  can  be  designed  and  batched 
in  a  conventional  asphalt  plant  with  incinerator 
residue. 

6-    Two  out  of  three  experimental  wearinq  surface  sections  containing 
incinerator  residue  have  exhibited  satisfactory 
pavement  performance  over  a  period  of  one  year 
and  show  acceptable  skid  resistance  characteristics. 

9.1.7   Environmental  Effects  of  Incinerator  Residue  Use. 

1.  The  main  environmental  consideration  related  to 
the  highway  use  of  incinerator  residue  is  leachate 
production  and  composition.   The  effects  of  the 
leachate  are  related  to  the  chemical  composition 
of  the  residue,  its  solubility,  and  permeability. 

2.  Incinerator  residue  contains  traces  of  a  number  of 
toxic  materials,  including  arsenic,  cadmium,  lead, 
copper,  tin,  and  other  metals. 

3.  The  permeability  of  incinerator  residue  is  basically 
equivalent  to  that  of  a  fine  sand  or  silty  sand. 
Therefore ,  the  rate  of  water  penetration  through 
incinerator  residue  is  relatively  low. 

4.  At  the  present  time  there  are  no  universally  accepted 
standards  for  evaluating  the  environmental  effects 

of  leachate  production.   Several  alternative  methods 
are  currently  in  use.   One  such  method,  the  48  hour 
shake  test,  developed  by  the  Pennsylvania  Department 
of  Environmental  Resources,  was  used  to  evaluate 
the  use  of  incinerator  residue  in  highway  construction 
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5.  Leachate  samples  from  "as  received"  and  cement 
stabilized  incinerator  residue  were  analyzed  and 
the  findings  were  compared  to  the  drinking  water 
standards  adopted  in  1962  by  the  United  States 
Public  Health  Service.   Leachate  from  cement 
stabilized  incinerator  residue  met  all  standards, 
but  leachate  from  the  "as  received"  residue 
material  exceeded  the  standards  for  sulfates, 
chlorides,  manganese,  and  total  dissolved  solids. 
The  pH  values  from  both  the  "as  received"  and 
stabilized  residues  were  basic. 

6.  Leachate  samples  from  bituminous  wearing  surface 
mixtures  containing  incinerator  residue  were  also 
analyzed.   Neutral  and  acid  extractions  were  used. 
Leachate  values  for  these  mixtures  were  all  well 
within  the  drinking  water  standards  for  all  tests. 

9.2   RECOMMENDATIONS 

The  recommendations  resulting  from  this  study  are: 

9.2.1   Highway  Use  of  Incinerator  Residue 

1.  Only  these  incinerator  residues  classified  as  well 
burned  or  intermediately  burned  should  be  considered 
for  use  in  highway  construction.   The  classifications 
of  these  materials  should  be  based  on  visual  inspec- 
tion and  the  test  results  from  loss  on  ignition  and 
the  presence  of  organic  compounds.   Residues  should 
be  stockpiled  for  several  months  before  use  in  order 
to  reduce  the  moisture  content  and  percentage  of 
combustibles  in  the  residue.   Residue  materials  with 
a  loss  on  ignition  greater  than  10  percent  should  be 
considered  suspect  for  use. 

2 .  The  most  promising  use  of  incinerator  residue  for 
highway  purposes  is  as  an  aggregate  in  bituminous 
mixtures.   In  order  to  economize  on  the  use  of 
asphalt,  crushed  stone  should  be  blended  with  the 
residue.   The  addition  of  two  percent  by  weight 
of  hydrated  lime  is  also  recommended  to  improve 
the  retained  strength  of  the  mix  and  prevent 
stripping  of  the  asphalt  from  the  glassy  particles 
in  the  residue. 

3.  Since  a  larger  percentage  of  particle  sizes  can  be 
used  in  a  base  course  mix,  the  use  of  incinerator 
residue  is  most  highly  recommended  in  bituminous 
base  course  mixtures.   Complete  coatability  of 
particles  should  be  included  among  the  design 
criteria  for  all  bituminous  mixes. 
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4.  Incinerator  residue  is  not  recommended  for  use 

in  bituminous  wearing  surface  mixture  at  this  time 

for  streets  with  low  to  moderate  traffic  volumes.  Because  of  the 

variable  performance  of  the  surface  course  test  installations 

and  the  apparent  viability  of  incinerator  residue  use  in 

base  course  construction,  additional  research  and  development 

in  the  use  of  incinerator  residue  in  surface  courses  is  not  indicated 

5.  Incinerator  residue  can  be  used  in  stabilized  base 
course  mixtures.   Based  on  the  findings  of  this 
study  the  stabilization  of  these  materials  with 
cement  results  in  mixtures  superior  to  those 
stabilized  with  lime,  as  far  as  compressive  strength 
development  and  durability  are  concerned.   Allowance 
should,  therefore,  be  made  in  the  thickness  design 
requirements  for  these  mixtures  to  compensate  for 
such  differences. 

6.  The  use  of  incinerator  residue  as  a  component  of 
Portland  cement  concrete  mixtures  is  definitely 
not  recommended.   Poor  strength  development  and 
excessive  volume  changes  from  the  aluminum-cement 
reaction  in  these  mixtures  eliminate  any  further 
consideration  of  their  use.   One  exception  is  the 
possible  use  of  pyrolysis  residue  as  a  component 
of  portland  cement  concrete  mixtures. 

7.  Because  of  questionable  leachate  characteristics,  the 
use  of  incinerator  residue  as  a  structural  fill  or 
backfill  material  is  not  recommended  unless  the 
proper  safeguards  can  be  instituted  to  prevent 

the  entry  of  any  leachate  into  adjacent  ground  water 
supplies . 

9.2.2  Needed  Research 

1.  A  more  quantitative  means  of  classifying  incinerator 
residue  for  potential  highway  construction  use  is 
needed.   The  basis  for  the  classification  should 
be  the  degree  of  burn-out  as  expressed  by  the  loss 
on  ignition  and  presence  of  organic  impurities 
in  the  residue.  A  larger  statistical  base  of  such 
test  results  from  numerous  incinerator  residue 
samples  is  needed  to  develop  a  reliable  index  for 
evaluating  the  suitability  of  different  residue 
sources  as  highway  material. 

2.  More  complete  study  is  needed  of  the  absorption 
characteristics  of  incinerator  residues.   Specifically, 
the  development  of  a  reliable  procedure  to  accurately 
identify  the  amount  of  asphalt  absorbed  by  the 


-  318  - 


residue  is  required  for  the  design  of  bituminous 
mixtures  in  which  incinerator  residue  is  part  of  the 
aggregate.   Such  a  procedure  would  enable  a  designer 
to  compute  the  air  voids  content  of  a  residue- 
aggregate  mixture  with  a  greater  degree  of 
confidence. 

3.  The  wearing  characteristics  of  bituminous  mixtures 
containing  rotary  kiln  and  pyrolysis  residues  should 
be  determined.   Rotary  kiln  residues  contain  a  higher 
percentage  of  fine,  char-like  particles  as  a  result 
of  the  tumbling  action  in  the  furnace.   The  pyrolysis 
residues  are  composed  of  fine,  hard,  glassy  particles 
which  appear  to  be  wear  resistant. 

4.  A  more  detailed  economic  analysis  is  necessary  to 
determine  the  economic  feasibility  of  implementing 
the  use  of  unfused  incinerator  residue  in  bituminous 
or  stabilized  base  mixtures.   Variables  such  as 
disposal  costs,  aggregate  prices,  the  price  range 

of  asphalt,  and  costs  associated  with  different 
resource  recovery  options  must  all  be  considered 
in  greater  detail. 
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